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The o b j e c t  o f  t h i s  p r o g r a m  was to  de te rmine  what  processes  and/or  com- 
ponents  l i m i t  t h e  c y c l - e  l i f e  of the  E lec t ro -Opt i ca l  Sys t ems  (EOS) 
hydrogen-oxygen   r egene ra t ive   fue l  c e l l .  The c e l l  concept  employed  uses 
a c a p i l l a r y  e l e c t r o l y t e  matrix,  located between two f u e l  c e l l  e l e c t r o d e s ,  
which  serves  as t h e  medium f o r  water s t o r a g e  d u r i n g  t h e  c h a r g e  a n d  d i s -  
cha rge   p rocesses .  The g a s e s   a r e   s t o r e d   i n t e g r a l l y   u n d e r   p r e s s u r e .  
Tests were per formed to  de te rmine  the  most  su i tab le  type  of  mat r ix  to  
be   used  as a s t a n d a r d .  The m a t r i x  s e l e c t e d  was a composite  of 80% 
p o t a s s i u m   t i t a n a t e  (KT), 10%  asbes tos ,   and   10%  Tef lon .   These   mater ia l s  
were formed into a mat and pressed .  
Material s t u d y  tes ts  were  conducted  to  de te rmine  the  e f fec ts  of  compon- 
e n t  materials on  the  cyc le  l i f e  of  the  ce l l s ,  and  to  de te rmine  what  
changes   occur red   in   the   ce l l   components   wi th   cyc le  l i f e .  These tests 
r evea led  mig ra t ion  o f  go ld  and  p l a t inum metals a s  w e l l  a s  s t r u c t u r a l  
a n d   o t h e r   c h a n g e s   i n   t h e   e l e c t r o l y t e   m a t r i x .  I t  was demonst ra ted   tha t  
t h e   s o u r c e   o f   t h e   m i g r a t i n g   c a t a l y s t  was the  0 e l e c t r o d e .  I t  was shown 
t h a t  t h e  c o n c e n t r a t i o n  o f  t h e  KOH e l e c t r o l y t e  became  lower as c y c l e  l i f e  
i n c r e a s e d .  
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L i f e  t e s t i n g  c o n s i s t e d  of c y c l i n g  r e g e n e r a t i v e  f u e l  c e l l s  u s i n g  a 90- 
min   cyc le  a t  80°C and a t  5OoC. Twenty-four-hour   cycles   were  performed 
a t  8OoC and 5OoC. I t  became apparent   f rom  these  tests t h a t   t h e   c y c l e  
l i f e  o f  a ce l l  i s  reduced when o p e r a t i n g  a t  5OoC as opposed to 8Ooc. 
T h r e e  t y p e s  o f  e l e c t r o l y t e  m a t r i c e s  m a n u f a c t u r e d  b y  T R W  have  been  tes ted .  
T h e s e  m a t r i c e s  a p p e a r  t o  b e  u n s u i t a b l e  f o r  u s e  i n  t h e  r e g e n e r a t i v e  f u e l  




T h i s  r e p o r t  reviews t h e  p r o g r e s s  made on the development  of t he  r egen-  
e ra t ive  hydrogen-oxygen fuel c e l l  under  Cont rac t  NAS3-10948 d u r i n g  t h e  
p e r i o d  1 Apr i l   1968  th rough 30 Janua ry  1970.  
The e l e c t r o l y t i c  r e g e n e r a t i v e  h y d r o g e n - o x y g e n  f u e l  c e l l  i s  an   energy  
s t o r a g e  c o n c e p t  t h a t  c a n  p r o v i d e  h i g h  e n e r g y  d e n s i t y ,  l i g h t  w e i g h t ,  a n d  
r e a s o n a b l y   l o n g   l i f e .  
To d e v e l o p  t h i s  c o n c e p t  i n t o  u s a b l e  h a r d w a r e  f o r  o r b i t a l  a n d  i n t e r p l a n e t -  
a r y  s p a c e  a p p l i c a t i o n s ,  E l e c t r o - O p t i c a l  S y s t e m s ,  a Xerox  Company,conducted 
a research  and  development  program to  def ine  the  des ign  and  opera t iona l  
parameters and  the  problem areas invo lved .   Th i s   e f fo r t   has   been   con-  
d u c t e d  u n d e r  t h e  s p o n s o r s h i p  a n d  t e c h n i c a l  d i r e c t i o n  o f  t h e  S p a c e  Power 
Sys tems Off ice ,  L e w i s  Research  Center ,  Nat iona l  Aeronaut ics  and  Space  
Admin i s t r a t ion .  
The c e l l  c o n c e p t  employed  uses a c a p i l l a r y  e l e c t r o l y t e  m a t r i x  w h i c h  is  
located  between two f u e l   c e l l   e l e c t r o d e s .  The m a t r i x  serves as t h e  
medium f o r  water s to rage   du r ing   t he   cha rge   and   d i scha rge   p rocesses .  As 
a r e s u l t  o f  p r e v i o u s  r e s e a r c h  a n d  d e v e l o p m e n t ,  a s e t  o f  e l e c t r o d e s  a n d  
a unique  mat r ix  material have been developed that  a r e  capab le  o f  ach iev -  
i n g   l i v e s   u p   t o  2500 h r s  i n  a 90-min cyc le   reg ime.   The   scope  of  t h i s  
program i s  to   de te rmine   what   p rocesses   and/or   components  l i m i t  t h e  c y c l e  
l i f e  a n d  how they may b e  a l t e r e d  t o  f u r t h e r  e x t e n d  c y c l e  l i f e .  The 
s p e c i f i c  work f e l l  u n d e r  f o u r  c a t e g o r i e s :  
a .  Matr ix   comparison tes ts  
b .  Material s t u d y  tes ts  
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c .   L i f e  tests 
d .  "RW m a t r i x  tests 
The mat r ix  compar ison  tests were a s c r e e n i n g  p r o c e s s  t o  s e l e c t  t h e  m o s t  
s u i t a b l e  matrix t o  b e  u s e d  i n  t h e  o t h e r  c e l l  tests. The types  of 
matrices t e s t e d  f e l l  i n t o  t h r e e  c a t e g o r i e s .  The f i r s t  was a composi te  
made from a m i x t u r e  o f  p o t a s s i u m  t i t a n a t e  (KT), Te f lon  and  a sbes tos  
formed i n t o  a mat and   pressed .  The second  type was made by  sandwiching 
a p a s t e d  T e f l o n  a n d  p o t a s s i u m  t i t a n a t e  b a r r i e r  b e t w e e n  two t h i n  p r e s s e d  
KT and  Teflon mats. The t h i r d  t y p e  o f  m a t r i x  was made by forming a 
p o t a s s i u m   t i t a n a t e   a n d   T e f l o n   c o m p o s i t e   w i t h   r o l l e r s .  The l a t t e r  two 
con ta ined  no  a sbes tos .  
The material s t u d y  t e s t s  w e r e  t o  d e t e r m i n e  t h e  e f f e c t  o f  t h e  metals 
p r e s e n t   i n   t h e   c e l l   c o m p o n e n t s  on c e l l   o p e r a t i o n .   C e l l   m a t r i c e s   w e r e  
examined by X-ray d i f f r a c t i o n  t o  d e t e r m i n e  i f  meta ls  were  migra t ing  
through,   and i f  t he re   were   any   s t ruc tu ra l   o r   o the r   changes .  Cells were 
cyc led  wi th  and  wi thou t  go ld -p la t ed  backup  p la t e  and  sc reens .  A c e l l  
was cyc led   w i th  no m e t a l l i c  b a c k u p  p l a t e  o r  s c r e e n s .  C a t a l y s t  m i g r a t i o n  
t e s t s  were conducted using Pd a s  a t r a c e r .  
The l i f e  t e s t i n g  c o n s i s t e d  o f  c y c l i n g  a c e l l  u s i n g  a 90-min, a 24-hr ,  
o r  a 3- t o  5 - h r  c y c l e  a t  50 C and 80 C .  The t e s t  was d i scon t inued  when 
t h e  a v e r a g e  c e l l  v o l t a g e  f e l l  below 0.7V on d i s c h a r g e .  
0 0 
Three  types  of   matr ices   manufactured by TRW were   t e s t ed .  The m a t r i c e s  
were made o f  Te f lon  and  po ta s s ium t i t ana te ,  Te f lon  and  z i r con ia ,  and  
Tef lon  and  cer ium oxide .  
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SECTION 2 
TECHNICAL  DISCUSSION 
2 . 1  TEST CELL 
A s i n g l e ,  f l a t  p l a t e  t e s t  c e l l  was u s e d  t o  c o n d u c t  t h e  e x p e r i m e n t a l  
e v a l u a t i o n s  o f  t h e  v a r i o u s  e l e c t r o d e s  - m a t r i x  t y p e s .  
The s i n g l e  c e l l  u n i t  c o n s i s t e d  o f  two c i r c u l a r  p l a t e s  of Monel c o n t a i n -  
i n g   g a s   c a v i t i e s   i n   a n   a p p r o x i m a t e  2 t o  1 volume r a t i o .  Machined i n t o  
t h e s e  c a v i t i e s  were g r o o v e s  f o r  e l e c t r o d e  b a c k u p  p l a t e s  a n d  e l e c t r o d e s  
o f   6 - in .   d i ame te r .  The two h a l v e s  were jo ined   t oge the r   by  a ser ies  o f  
b o l t s   a l o n g   t h e   p e r i p h e r y .   S e a l i n g  was accomplished by t h e   u s e   o f  0- 
r i n g s .  A g l a s s - r e in fo rced   epoxy   space r  was used  between  the two p l a t e s  
t o  p r o v i d e  e l e c t r i c a l  i n s u l a t i o n  b e t w e e n  t h e  p o s i t i v e  a n d  n e g a t i v e  s i d e s  
o f   t h e   c e l l .  The in su la t ing   space r   t hus   p rov ided   t he   spac ing   be tween  
t h e  two p l a t e s   a n d   a l s o   f i x e d   t h e   c o m p r e s s i o n   o n   t h e   m a t r i x .   S i n c e   t h e  
d i a m e t e r  o f  t h e  m a t r i x  was somewhat l a r g e r  t h a n  t h e  6 - i n .  e l e c t r o d e s ,  
t h e  p e r i p h e r a l  e d g e  o f  t h e  m a t r i x  was compressed  aga ins t  t he  c e l l  h a l v e s  
i n s i d e  t h e  i n s u l a t i n g  s p a c e r ,  e f f e c t i v e l y  p r e v e n t i n g  l e a k a g e  a r o u n d  t h e  
matrix.   Assembly was accomplished by s t ack ing   one   end   p l a t e ,   backup  
s c r e e n ,   e l e c t r o d e ,   m a t r i x ,   s e c o n d   e l e c t r o d e ,   s e c o n d   b a c k u p   s c r e e n ,   a n d  
end p l a t e ,  a n d   t h e n   b o l t i n g   t h e   e n t i r e   a s s e m b l y   t o g e t h e r .  
C e r t a i n  f i t t i n g s ,  v a l v e s ,  a n d  i n s t r u m e n t a t i o n  were a t t a c h e d  t o  e a c h  o f  
t he   chambers   fo r   p re s su re   measu remen t   and   fo r   f l u sh ing   t he   un i t .   Ma jo r  
c e l l  components were f a b r i c a t e d  o u t  o f  Monel t o  min imize  co r ros ion  
p rob lems .   S ince   t he   ce l l   d id   no t   con ta in  a volume  balancing  mechanism 
t o  - a s s u r e  a 2 t o  1 volume r a t i o ,  i t  w a s  n e c e s s a r y  t o  a d j u s t  t h e  v o l u m e s  
b y   a d d i n g   e x t e r n a l   t u b i n g .  The e n t i r e  c e l l  was set  u p  i n  a n  o v e n  t h a t  
c o n t a i n e d  l e a d - i n s  f o r  e l ec t r i ca l  a n d  f l u s h i n g  g a s  c o n n e c t i o n s .  
F i g u r e  1 i s  a p h o t o  o f  t h e  a s s e m b l e d  s i n g l e  c e l l ,  a n d  F i g u r e  2 i s  a n  
a s s e m b l y  d r a w i n g  o f  t h e  u n i t  g i v i n g  d e t a i l s  o f  t h e  i n t e r n a l  c o n s t r u c t i o n .  
Each c e l l  was p rov ided  wi th  bo th  a t o t a l  a n d  a d i f f e r e n t i a l  p r e s s u r e  
t r a n s d u c e r .  A pressure   swi tch ,   which   removed  the  c e l l  f rom  the  charge 
c i r c u i t  when t h e  p r e s s u r e  r e a c h e d  a p r e - s e t  l e v e l ,  was a lso used i n  
each  c e l l .  F i g u r e  3 shows t h e   f u e l  c e l l  t es t  s t a t i o n .  
2.2 MATRIX COMPARISON  TESTS 
I n  o r d e r  t o  d e t e r m i n e  t h e  b e s t  m e t h o d s  of  f a b r i c a t i o n ,  t h r e e  t y p e s  o f  
p o t a s s i u m  t i t a n a t e  m a t r i c e s  were f a b r i c a t e d  a n d  c y c l e  t e s t e d  o n  a 60- 
min charge 30-min d i s c h a r g e  a t  55  and 100 mA/cm2, r e s p e c t i v e l y  a t  80 C.  
The c h a r g e  c a p a c i t y  of t h e  c e l l s  was l i m i t e d  by a p r e s s u r e  s w i t c h  a c t i -  
v a t e d  a t  350   p s i .   Bubb le - th rough   t e s t s   were   conduc ted   i n   t he   l abo ra to ry  
on each type of matrix t o  d e t e r m i n e  t h e i r  r e l a t i v e  a b i l i t y  t o  h o l d  p r e s -  
s u r e  d i f f e r e n t i a l s .  T a b l e  I i s  a summary o f   t he  c e l l s  c y c l e d   f o r   m a t r i x  
comparison tes t s  . 
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2.2 .1  PRESSED COMPOSITE MATRIX 
A composite was made by forming a 80% p o t a s s i u m  t i t a n a t e ,  10% Tef lon ,  
and 10% a s b e s t o s  m i x t u r e  i n t o  a mat  and pressing i t .  
F i f t e e n  matrices composed  of 80% KT, 10% Tef lon ,  and  10% asbes tos  were 
f a b r i c a t e d .  To i n s u r e   u n i f o r m i t y   o f   t h e s e   m a t r i c e s ,   f i v e  were bubble-  
t h rough   t e s t ed .   F igu re  4 shows a diagram of the   bubb le - th rough   appa ra tus .  
Table  I1 shows a f a i r  r e p r o d u c i b i l i t y  i n  b u b b l e - t h r o u g h  p r e s s u r e ,  t h e  
l o w e s t   b e i n g   6 . 6   p s i g .  The remaining matrices were c y c l e  t e s t e d .  
Cells 2A, 3 A ,   4 A ,  5A and 6A i n  T a b l e  I c o n t a i n e d  t h e  p r e s s e d  matrices. 
Cel l  No. 4 A  c a n  b e  e l i m i n a t e d  f r o m  t h e  r e s u l t s  b e c a u s e  o f  o b v i o u s  i n t e r -  
na l  damage. As can   be   seen   f rom  Table  I ,  over  1000 c y c l e s  were achieved  
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Figure 2 .  Single  Cell - Test Assembly 
Figure 3 .  Single  Fuel Cell Test Station 
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Cell 
Cycles Matr ix  No. 
No. of 
I 2A 1067 Pressed composite 
3A Pressed 
composite I 1802 
4A Pressed 152 
composite 
5A Pressed  1460 
composite 
6A 805  Pressed 
composite 
7A 455 Pa r t ed  50% KT/ 
507. Tef lon  mem- 
b r m e  sandwiched 
between 907. KT/ 
10% Tef lon  mrtr 
8A 762 P8sted 50% KT/ 
50% Teflon YI- 




SLWURY OF CELLS 




lo/  17.5A 
60/30 min 


























E l e c t r o -  
l y t e  
45 g of 
30.07. 
45 g of 
30.0% 
45 g of 
30.07. 
45 g of  
30.0% 
45 g of  
30.07" 













a t  ~ O ' C  

















Sample s e n t  f o r  
X-ray d i f f r a c t i o l  
Normal f a l l u r e .  
Normal f a i l u r e .  
Upon disassembly 
a burnt  spot  was 
observed 
Normal f a i l u r e ,  
Normal f a i l u r e .  
Normal f a i l u r e .  
Normal f a i l u r e .  
I 
- 
C e  11 
No. - 







Pasted 50% KT/ 
50% Tef Lon mem- 
brane  sand- 
wiched be  tween 
two mats 
Pasted 50% KT/ 
50% Tef  Ion mem- 
brane  sand- 
wiched between 
two mats 
Pasted 507. KT/ 
50% Teflon e m -  
brane  sand- 
wiched between 
two mats 
Pasted 507. KT/ 
50% Teflon mem- 
brane  sand- 
wiched be tween 
two mats 
Pasted 5W. KT/ 
50% Tef  Ion r m -  
brane  sand- 











SUMMARY OF CELLS (contd) 
















































a t  ~ O O C  
- 
- 





Test  discont inued 
due t o  f a u l t y  
t ransducer  
Discontinued be- 
cause of gas 
recombination - 
se l f -d i scha rge  
Discont inued  af te r  
c e l l  s u b j e c t e d  t o  
30 p s i g  d i f f e r e n t i a l  
Normal f a i l u r e  
Discontinued when 
charge  vol tage  
exceeded 2.0 volts 
TABU I 
SUPPURY OF CELLS (contd) 
MATRIX COMPARISON TESTS AT 8OoC 
Cell 
No. 
No. of Type of 
Matrix Cycle Cycles 
20A 60/30 min 34 Pasted 50% KT/ 
50% Teflon e m -  
wiched  between 
br ane  sand - 10/17.5A 
tvo mats  
9A 60/30 min 0 80% KT and  20% 
Teflon rolled 10/17.5A 
1OA 6 0 / 3 0  min 0 80% KT and  20% 
Teflon 10/17.5A 
13A 60/30 min 0 807, KT and  20% 
Teflon 10/17.5A 
Electrodes I lyte I KOH I Initial I Final I Comments 
AB-6 of 30% 
EOS/Cyanamid 45 g 
AB-6 of 307. 
EOS/Cyanamid 45 g 
AB-6 of 307. 
EOS/Cyanamid 45 g 
AB-6 of 307. 
0.0650 
~ ~ ~~ ~~~~~ 
0.0360 Discontinued be- 
cause of gas 
recombination - 






self  discharge 
TO PRESSURE GAGE r S C R E E N  
I 
MATRIX 
I I 1 
PRESSURIZED N2 IN 




80% KT, 10% Teflon, 10% Asbestos, 
0.060-In. Separator 
Thickness Pressure KOH, grams of Dry Wt. 
No. (psig) Approx. 40% s o h .  (grams) (inches) 
L 
1 
9.5 45 .O 26.6  0.068 5 
7 .O 45 .O 26.5  0.068 4 
6.6 45.0 2 7 . 2  0 .070 3 
8.8  45 .O 2 7 . 3  0.068 2 
10.8  45 .O 26.9 0.067 
13 
u s i n g   t h i s   t y p e   o f  matrix. F i g u r e  5 shows t h e   c y c l i n g   p e r f o r m a n c e  of 
c e l l  3-A. The 1802 c y c l e s   r e p r e s e n t  2700 h o u r s  of c o n t i n u o u s   t e s t i n g .  
As can  be  seen  i n  F i g u r e  5, t h e  most extreme d e g r a d a t i o n  i n  p e r f o r m a n c e  
o c c u r r e d   d u r i n g   t h e  las t  100 c y c l e s .  When t h e s e  ce l l s  were d isassembled  
i t  was o b s e r v e d  t h a t  much of t h e  g o l d  was gone from the O2 backup screens 
a n d   p l a t e s .  The H2 backup  sc reen   and   p la te  were c l e a n ,  e x a c t l y  as o r i -  
g i n a l l y  i n s t a l l e d .  
The matrix c o n t a i n e d  t h r e e  d i s t i n c t  l a y e r s .  I n  g e n e r a l ,  t h e  l a y e r  o n  
t h e  O 2  s i d e  was s o f t  a n d  l i g h t  i n  c o l o r .  T h e  l a y e r   o n   t h e  H 2  s i d e  was 
g r a y   a n d   b r i t t l e .  The m i d d l e  l a y e r  was black.   Samples  of  t h e s e   m a t r i c e s  
were examined  us ing  spec t rographic  and  X-ray  d i f f rac t ion  techniques .  
It  was de t e rmined  tha t  t he  b l ack  midd le  l aye r  con ta ined  p l a t inum and  
g o l d   a n d   t h a t   o t h e r   c h a n g e s   w e r e   o c c u r r i n g   i n   t h e   m a t r i x .   T h i s  phenomena 
w i l l  b e  d i s c u s s e d  i n  more d e t a i l  i n  S u b s e c t i o n  2 . 3 ,  M a t e r i a l s  S t u d i e s .  
2 . 2 . 2  LAYERED PASTED MEMBRANE MATRIX 
The m a t r i x  was f a b r i c a t e d  by p a s t i n g  a 5 0 X  p o t a s s i u m  t i t a n a t e  a n d  50% 
Tef lon   mix ture  on a Te f lon   s c reen .   Th i s   pas t ed  membrane  was sandwiched 
between two th in   mats  made from 90'7, p o t a s s i u m  t i t a n a t e  a n d  10% T e f l o n .  
The bubb le - th rough  t e s t ing  was  done i n  a s i n g l e  c e l l  w i t h  s t a n d a r d  
s c r e e n s ,   e l e c t r o d e s ,   a n d   s p a c e r   i n   o r d e r   t o   d u p l i c a t e   c y c l e  t e s t  condi -  
t i o n s .  To a l l o w  a comparison  using  the same tes t  f i x t u r e ,   p r e s s e d  
matrices were b u b b l e -  t h r o u g h  t e s t e d  a l s o .  T a b l e  111 i s  a summary of  
the   bubble- through tes t s .  A l l  t h e   m a t r i c e s   c o n t a i n e d  4 5  g of 30% KOH. 
Ten pressed   composi te   mat r ices  were tes ted  i n   t h i s  new f i x t u r e .   T a b l e  
I11 shows the   bubb le - th rough   p re s su res   t o   be   h ighe r   t han   t hose   t e s t ed  
i n  t h e  o l d  f i x t u r e .  An average  of 2 4 . 5  ps ig   bubble- through was demon- 
s t r a t e d .  The lowes t   p re s su re  was 5 p s i g .  Better s u p p o r t  of t h e  matrices 
i n  t h e  t e s t  c e l l  t h a n  i n  t h e  o t h e r  t e s t  f i x t u r e   p r o b a b l y   a c c o u n t e d   f o r  
t h e  d i f f e r e n c e  i n  r e su l t s .  
14 
2 .o I I 12.0 
1 1581  -1801 I I 
1 * 8 k % % 7 7 F  .6 
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Prersed  Composite, 80% KT/10% Teflon/ 
10% asbes tos  
Preroed  Composite, 80% KT/lO% Teflon/  
10% a r b e r t o s  
Presred  Composite, 80% KT/lO% Teflon/ 
10% asbes tos  
P remed   Cmpos i t e ,  80% KT/lO% Teflon/ 
10% arbee tos  
Prcsred  Composite, 80% KT/lO% Teflon/  
10% asber   to8 
Prerred Composite, 80% K T / i O %  Teflon/ 
10% asbes tos  
Pasted 901. KT/lO% asbes tos  membrane rand- 
wiched between two 90% K C / l O %  asbes tos  
mats 
Pasted 90% KTIlOX asbes tos  membrane sand- 
wiched between two 901 KT/lO% asbes tos  
mats 
Pasted 90% KT/lOX aebestoo membrane sand- 






































































2 5  
25  
2 5  
ao 
80 
2 5  
25  
~ ~~~~ 
Pasted 90% K T / l O X  asbestos  membrane sand- 
wiched between tvo 90% KT/lO"/. asbestos  
mats 
Pasted 90% KTIlOX asbes tos  membrane sand- 
wiched between two 90% =/lo% asbestos  
ma ts 
Pressed Composite, 80% =/lo% Teflon/ 
10%  aebee  tos 
Pressed composite, 80% KT/lO% Teflon/ 
10% asbes tos  
Pressed Composite, 80% KT/lO% Teflon/ 
109. asbes  tos 
Pressed Composite, 80% KT/ lO% Teflon/ 
10% asbestos  
80% KT and 20% Teflon rol led on 
60 wrh rcreen 
802 KT/lO% Teflon/lUL asbestos standard 
mix rolled i n t o  a mtr ix  
801: KT/lW. cotton/lO% Teflon pressed 
i n t o  a matrix 
80% KT/lO% cottod107. Teflon pressed 





6 1  .O 
32 .5  
13 .O 






























Dry W t .  








2 2 . 3  
26.9 
W t .  of  














Compos i t ion 
80% KT and 20% T e f l o n  r o l l e d  i n t o  
a ma t r ix  
39% KT/POx Teflon,   and 1% c o t t o n  
r o l l e d  i n t o  a mat r ix  
80% KT and 20% T e f l o n  r o l l e d  i n t o  
a ma t r ix  
80% KT and 20% T e f l o n  r o l l e d  i n t o  a 
rrvtrix then  pressed  a t  300 p s i g  
70% KT and 30% T e f l o n  r o l l e d  i n t o  
a mat r ix  
80% KT and 20% T e f l o n  r o l l e d  i n t o  a 
ma t r ix  8nd p r e m e d  a t  450 pe ig  
80% lCl'/20% T e f l o n  r o l l e d  i n t o  a mat r ix  
80% KT/20% T e f l o n  r o l l e d  i n t o  a ma t r ix  
then  pressed  a t  770 pe ig  
70% AT/30% T e f l o n  r o l l e d  i n t o  a m a t r i x  
Bubble- 
Through 











Fif teen   layered ,   pas ted-membrane  matrices were f a b r i c a t e d .  The matrices 
were made by sandwiching a 50% KT/50% T e f l o n  p a s t e d  membrane in  be tween  
two p r e s s e d  90% RT/10% a s b e s t o s  mats. F ive  of  the m a t r i c e s  were bubble-  
t h rough   t e s t ed .   Tab le  111 shows an average   bubble- through of  a b o u t  57 
p s i g ,  i f  test no.  7 showing 3 p s i g  i s  thrown  out .   E ight   o f   the   remain-  
ing  layered ,  pas ted-membrane  matrices were c y c l e  t e s t e d .  
Cells 7A, 8 A ,  1 1 A ,  12A, 14A, 15A, 18Aand 20A i n  T a b l e  I c o n t a i n e d  l a y e r e d  
p a s t e d  membrane matrices. Cel l s  11 and  14 were d i scon t inued   because  
of i n a d v e r t e n t   m e c h a n i c a l   d i f f i c u l t i e s .  Two o t h e r  c e l l  tes ts ,  nos.   12 
and 20, were d i s c o n t i n u e d  when the  gases  recombined  by pass ing  through 
t h e   m a t r i x .  The r e m a i n i n g   f o u r   c e l l s   d e m o n s t r a t e d   c y c l e   l i v e s   u n d e r  
1 0 0 0   c y c l e s .   F i g u r e  6 s h o w s   t h e   c y c l e   l i f e   c h a r a c t e r i s t i c s   f o r  c e l l  
8-A,  which was o n e   o f   t h e   l o n g e r   c y c l i n g   c e l l s .   I f   t h e  t es t  r e s u l t s  of 
the  pressed  composi te  mat r ix  a re  compared  to  those  of  the  layered  pas ted  
membrane t y p e ,  i t  can  be  seen  tha t  t he  p r e s s e d  compos i t e  ma t r ix  i s  more 
r e l i a b l e  a n d  more n e a r l y  r e p r o d u c i b l e .  
It w a s  o b s e r v e d  t h a t  a f t e r  c y c l i n g ,  t h e  l a y e r e d  matrices conta ined  a 
b l a c k   l a y e r   i n   t h e   p a s t e d  membrane s i m i l a r   t o   t h a t   f o u n d   i n   t h e   p r e s s e d  
m a t r i x  . 
2 . 2 . 3  ROLLED POTASSIUM TITANATE AND TEFLON MATRICES 
V a r i o u s  r o l l e d  matrices were f a b r i c a t e d  us ing  Teflon  powder.   Table 111 
shows t h a t  t h e  80% potass ium t i  t a n a t e  (KT) and 20% T e f  Ion showed t h e  
most  promise.  Some 802 KT and 20% T e f l o n - r o l l e d  m a t r i c e s  were pressed  
a t  pressures  be tween 300 and 800 ps ig ;  t hen  they  were bubble- through 
t e s t e d .   T a b l e  I11 shows t h a t   t h e   p r e s s i n g  weakened   t he   s t ruc tu re   s ince  
the   bubb le - th rough   p re s su res  were lower.   Table  I11 a l s o  shows t h a t  a n  
i n c r e a s e  o f  T e f l o n  t o  30% of  t h e  m a t r i x  w e i g h t  d e c r e a s e d  t h e  r e s u l t i n g  




2.01 I 1 










DISCHARGE 1ZS A 
i y 761 
20 40 
TIME (minutes) 
Figure  6 .  Performance of   Cel l  NO. 8-A 
Two o t h e r  v a r i a t i o n s  o f  m a t r i x  f a b r i c a t i o n  were t r i e d .  An 80% KT and 
20% T e f l o n  m i x t u r e  was r o l l e d  o n t o  a 60-mesh Te f lon  screen. Th i s  matrix 
gave a bubble- through of  2 . 0  p s i g .  The o t h e r  matrix was a s t a n d a r d  mix- 
t u r e  o f  80% KT, 10% Tef lon ,   and  10% a s b e s t o s  r o l l e d  i n t o  a matrix. T h i s  
sample gave a bubble- through of  2 . 0  p s i g .  
Cyc l ing  tests were t r i e d  u s i n g  t h e  80% KT and 20% T e f l o n  r o l l e d  matrices. 
T a b l e  I shows t h a t  ce l l s  9A, 1 0 A  and 13A, c o n t a i n i n g  t h e s e  r o l l e d  matrices, 
d i d  n o t  f u n c t i o n  a s  f u e l  c e l l s  a t  8OoC.  
2 . 2 . 4  OTHER TYPES OF MATRICES 
Two s a m p l e s   o f   c o t t o n  were t e s t e d  f o r  8 d a y s   i n  30% KOH a t  70 C .  Sample 
1 showed an   8 .71% loss in   we igh t ,   and   s ample   2 ,  a 7.28% loss. Two 
p r e s s e d  m a t r i c e s  were made u s i n g  c o t t o n  i n  p l a c e  o f  a s b e s t o s .  Tests 
nos .  25 and 26 i n  T a b l e  I11 show the  bubb le - th rough  p res su re  o f  t h i s  t ype  
o f  matrix to   be  low.   Another   matr ix  was made by r o l l i n g  79% KT, 20% 
Tef lon   and  1% c o t t o n .  Test 28 o f  Table  111 shows a 6 .5   p s ig   bubb le -  
th rough.  No c y c l e  tes ts  were a t t e m p t e d   u s i n g   t h i s   t y p e   o f   m a t r i x .  
0 
Matr i ces  were f a b r i c a t e d   u s i n g  K e l - F  No. 630 i n   p l a c e  o f  Teflon.  Both 
t h e  r o l l e d  a n d  p r e s s e d  t y p e s  o f  matrices made wi th  K e l - F  proved  to  be  
t o o  b r i t t l e  f o r  u s e  i n  a f u e l  c e l l .  
2 . 3  MATERIALS  STUDIES 
To s t u d y  t h e  e f f e c t  o f  e l e c t r o d e  a n d  s t r u c t u r a l  materials,  a series of  
exper iments  was conducted .  The materials s t u d i e s  c e l l s  f e l l  i n t o  f ive 
c a t e g o r i e s  : 
a .  Cells w i t h   p o l y s u l f o n e   b a c k u p   l a t e s  
b .  Cells w i t h o u t   g o l d  on backup   p l a t e s   and   s c reens  
c .  S p e c i a l   c y c l e  tests f o r   X - r a y   d i f f r a c t i o n   a n d   s p e c t r o g r a p h i c  
a n a l y s i s  of e l e c t r o l y t e  matrix 
21 
d .  Tests to  trace  catalyst  migration 
e .  Tests  with  varied  electrode  configurations. 
Table I V  presents a summary of the cells cycled for the material study 
tests. 
22 
TABU I V  
SUMMARY OF CELLS 
MATERIALS STUDIES 
1- 1- 1- Impedance a t  8OoC : e l l  





E l ec   t ro-  
l y t e  
Final  
























































of  30% 
L 
electrode.Teflon 
screens,  polysulfone 
backup plates.  Test  








0 .  O l O R  
0.0140 
0.0060 
0 .  O l l R  
0.014R 
Standard AB-6 02 
electrode.  N i  sc reens ,  
no gold,  polysulfone 
backup plates . Normal 
Standard AB-6 O2 
f a i l u r e .  
e lectrode . N i  screens ~ 
no gold,polysulfone 





This 1s C e l l  28 with 
fai1u-e.. 
EOS /Cyanamid 
0 - 6  
Spec i a  1 
a new matrix. Normal 
45 g 
of 302 
Teflon backup screens. 
f a i l u r e .  
Polysulfone bacbp 
p l a t e s .  A l l  P t  
e lectrodes.  Test termi. 
No gold on backup 
nated by ign i t ion .  
screens.  AB-4 O2 
electrode without 
gold polysulfone backul 
p l a t e .  Test terminate( 
by gas recombination 
AB-4 
TABU I V  
SUlMARY OF CELLS (contd)  
MAmBIALS STUDIES 
~ ~~ 
E l e c t r o -  
1 y te 
ImpedanCe 








Cyc l e e  
Type of 
Cycle I n i  t ia  1 F i n a  1 Mat r ix  E l e c t r o d e s  
Pressed 
composite 
P res sed  
composite 
P res sed  
c m p o s i t e  



































0 . 0 1 m  
0.00511 
0 . 0 1 m  
0.004n 
0 . o m  
0. oom 
No gold on backup 
plates and  sc reens  
Normal f a i   l u r e .  
No go ld  on backup 
p l a t e s  a n d  s c r e e n s  
Norma 1 f a i l u r e ,  
No go ld  on backup 
plates and  sc reens .  
Test t e rmina ted  by 
i g n i t i o n  
No gold on backup 
screens a n d  p l a t e s  
Normal f a i l u r e .  
5 0  c y c l e  c e l l  f o r  
X-ray d i f f r a c t i o n  
test 
100 c y c l e  ce l l  f o r  
X-ray  d i f f r a c t i o n  
test 
200 cycle ce l l  f o r  
X - r a y  d i f f r a c t i o n  
test  
400 cycle c e l l  f o r  
X-ray d i f f r a c t i o n  
test  
h i s  i n  ce l l  34 w i t h  
L new auatr ix .  X-ray 
i i f f r a c t i o n  test  p e r -  
Eormed. Normal f a i l u l  
EOS /Cyanamid 
AB-6 
P res sed  
compos i te 
P res sed  
composite 
P res sed  
c o a p o r i t e  
P res sed  
composite 
P reseed  








































0. o o a  
0. oosn 














TABLE I V  
SUMMARY OF CELLS (contd) 














































e lec  tr . 
Pd on N i  
screen with 




e l e c t r .  
Pd on N i  
screen  with 
Te f Lon 
binder for 
0 e lectrode 
E& H~ e l e c t ]  
02 double 
zone e lec-  
trode EOS H2 
electrode 
02 double 
zone e l ec -  




l y t e  






45 g of 
30.4% 
KOH 
45 g of 
30.4% 
KOH 
45 g of 
30.4 
KOH 







a t  80°c 












Catalyst  migration 
t e s t .  Cell i n t e r -  
na l ly  shor ted .  
Pd c a t a l y s t  on O2 
electrode  too 
coarse 
Catalyst migration 
t e s t .  Cell s e l f  
discharged a t  49 
cycles.  New matrix 
i n s t a l l e d .  Normal 
f a i l u r e  a t  639 
cycles. 
O2 electrode with 
dc double catalyst  
loading. Normal 
f a i l u r e .  
O2 electrode with 
double zone double 
catalyst  loading. 












Type o f  
Cycle 
60130 min 
l o /  17.5A 
6 0 / 3 0  min 
10117.5A 
TABLE I V  




thick  H2 
electrode 
Cyanamid 
A B - 6  02 






l y  te 
45 g of 
30.4% 
KOH 
45 g of 
30.47, 
KOH 
KOH 1- Impedar a t  80‘ F i n a l  e Final 
0.0089 
0.009sr 
Conunen t s 
T e s t  discontinued 
a t  200 cycles 
Test  discontinued 
a t  200 cycles. 
2.3 .1  CELLS WITH POLYSULFONE BACKUP PLATES 
Cells 17A, 22A,  25A,  28A, 39A, and 50A l i s t e d  i n  T a b l e  I V  h a s   p o l y s u l f o n e  
backup  p la tes .   The  ce l l s  were t e s t e d  a t  80 C us ing   the   90-minute   cyc le .  
Cells 17A and 25A had Teflon backup screens.  In  both tes ts  a n  a t t e m p t  was 
made t o  remove a l l  metals o u t s i d e  o f  t h e  e l e c t r o d e s .  C e l l 1 7 A  con ta ined  
an AB-6 0 e l e c t r o d e  and s t a n d a r d  EOS 1-1 e l e c t r o d e .   C e l l 2 5 A   h a d   s p e c i a l  
p l a t i n u m   e l e c t r o d e s  on b o t h   s i d e s .  Both t e s t s  were s h o r t - l i v e d   a n d   i n -  
c o n c l u s i v e .   S i n c e  i t  was Celt t h a t  t h e  Tef lon   sc reen   probably   f lowed 
w h i l e  t h e  c e l l  was i n  o p e r a t i o n ,  some t e s t s  were per formed  us ing   n icke l  
s c r e e n s .  Both c e l l s  22A a n d  2 8 A  were  cyc led  wi th  polysul fone  backup p la tes  
a n d  n i c k e l  s c r e e n s  w i t h o u t  g o l d .  Tlle on ly   go ld   p resent  was i n  t h e  Cyan- 
amid AB-6 0 e l e c t r o d e s .  T t  can be  seen tl lat  the c y c l e   l i f e  o f  t hese  
ce l l s  a r e  l i m i t e d  when compared Lo tlle s e r i e s  01: p r e s s e d  m a t r i x  c e l l s  
shown i n  T a b l e  I V .  C e l l  28A was run   ou t  L O  721r c y c l e s  where t h e  degrada-  
t i o n  was qui te   ex t reme,   which  i s  sllown in   F igu re  7 .  I n   o r d e r   t o   d e t e r -  
mine i f  t h e  m a t r i x  was l imi  r ing  Lhe 1 i r e  of  t h e  c e l l ,  a new ma t r ix  was 
p u t  i n  c e l l  2 8 A .  This modi f i t t l  assemb l y  was  numbered c e l l  3 9 A .  As can 
b e  s e e n  i n  f i g u r e  8 ,  th is  c e  I 1 performance   degraded   rap id ly  t h u s  i n d i -  
c a t i n g   t h a t   o t h e r   f a c t o r s   b e s i d e s  t l l e  m a t r i x   a r e   l i m i t i n g   c e l l   l i E e .  
Cel l  50A was an  a t tempt   to   run a C C I  I w i  LI)  no g o l d  a t  a l l .  The  Cyanamid 
AB-4 e l e c t r o d e  i s  made  w i  t l i c ~ * . l t  g c ) l ~ i  p i a l c  o n  Llle s c r e e n .  The Lest was 
te rmina ted  a f t e r  50 c y c l e s  vlten rhe gases   reccmbined .   Af te r   v iewing  
the  tests run   wi th  p o l y s u l  I - c l n e  backtrp pla!-es,  i t  was d e c i d e d   t h a t  L : I P  
m e c h a n i c a l   i r r e g u l a r i L i c s  j1l t rc1cl : rced in cl le c c l  1 a s s e ~ n b l s   w i t h  the 
p o l y s u l f o n e   p l a t e s  atl(led ~ l l ~ c e r L a i n ~ > ~  t o  Lhe v a l i d i t y   o f  t!le t e s t  r e s u l t s .  




2 . 3  .2  CELLS WITHOUT G0I.D ON HACKUI’  1’IA’l’ES A N D  SCREENS 
Cycle  t e s t s  were r u n  a t  80 C u s i n g  L!\e 90-mint1te c y c l e .  The c e l l s  con- 
t a i n e d  t h e  s tant lard Cyanamid AB-6 O2 e l e c t r o d e  a n d  EOS Hz e l e c t r o d e s ,  anti  
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Figure 7 .  Cycle  Performance of  C e l l  2 8 - A  
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F i g u r e  8. Cycle   Per formance  of Cell 39-A 
no  gold.  Cell nos.  16A,  21A, 23A,  and 26A i n   T a b l e  IV ( a l s o   w i t h o u t  
g o l d  s c r e e n s )  show s i m i l a r  c y c l e  l ives when compared  wi th  the  polysul -  
fone  ce l l s  ment ioned   prev ious ly .  No c e l l  r a n   o v e r  600 c y c l e s .   F i g u r e  
9 shows t h e  c y c l e  l i f e  c h a r a c t e r i s t i c s  f o r  c e l l  21A,  which  demonstrated 
t h e  l o n g e s t  c y c l e  l i f e  i n  t h i s  series. 
When t h e s e  ce l l s  were d isassembled  i t  was o b s e r v e d  t h a t  t h e  O2 backup 
s c r e e n s   a n d   p l a t e   c o n t a i n e d  a l o o s e   b l a c k   d i s c o l o r a t i o n .  The H s c r e e n s  
and   backup  p la tes  were c l e a n .  The matrices had  the same d i s t i n c t  b l a c k  
m i d d l e   l a y e r   o b s e r v e d   i n   t h e   p r e v i o u s   c e l l s .  On c e l l  21A, gold  was  de- 
t e c t e d   o n   t h e  H backup  sc reen .  The gold  must   have come ac ross   f rom 
t h e  Cyanamid AB-6 0 e l e c t r o d e ,   s i n c e   t h e r e  is no o t h e r   s o u r c e .  It c a n  
be  concluded  f rom  these tes ts  t h a t  c e l l  l i f e  i s  s h o r t e n e d  i f  t h e  b a c k u p  




2 . 3 . 3  SPECIAL  TESTS FOR X-RAY DIFFRACTION ANALYSIS 
I n  o r d e r  t o  l e a r n  w h a t  c h a n g e s  o c c u r  i n  t h e  e l e c t r o l y t e  m a t r i x ,  X - r a y  
d i f f r a c t i o n  s t u d i e s  were done. Unused m a t r i c e s  w i t h  a n d  w i t h o u t  KOH 
were examined. I t  a p p e a r s   t h a t   t h e  "as r e c e i v e d "   f i b e r s   a r e  composed 
of  a major   phase   o f   po tass ium  t i t ana te ,   p robably   o f   the   formula  (K T i  0 ) .  
Examination of bo th  s ides  and  the  midd le  of  an unused matrix r e v e a l e d  
t h a t  t h e  p o t a s s i u m  t i t a n a t e  i s  o f  t h e  same c r y s t a l l o g r a p h i c  c o m p o s i t i o n  
as t h e  "as r e c e i v e d "  f i b e r s ,  a n d  t h a t  t h e  T e f l o n  a n d  a s b e s t o s  i s  u n i -  
f o r m l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  m a t r i x .  When t h e  m a t r i x  was wet w i t h  
30% KOH, t h e  p o t a s s i u m  t i t a n a t e  c h a n g e d  i n t o  a c r y s t a l l o g r a p h i c a l l y  
un iden t i f i ed  complex .  
2 4 9  
To d e t e r m i n e  i f  the p r e s e n c e  o f  KOH w i t h o u t  e l e c t r i c a l  c y c l i n g  c a u s e s  
p h a s e  c h a n g e s  i n  p o t a s s i u m  t i t a n a t e ,  t h e  f o l l o w i n g  s a m p l e s  were 
p r e p a r e d  a n d  s u b m i t t e d  f o r  X - r a y  d i f f r a c t i o n  a n a l y s i s .  
30 
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Figure  9. Cycling  Performance of  Cell 2 1 - A  
AX-2 u n t r e a t e d   p o t a s s i u m   t i t a n a t e  
AX-3 p o t a s s i u m   t i t a n a t e   s o a k e d   i n  30% KOH f o r  5 days a t  25OC 
AX-4 p o t a s s i u m   t i t a n a t e   s o a k e d  i n  30% KOH f o r  5 days a t  50 C 
AX-5 p o t a s s i u m   t i t a n a t e   s o a k e d   i n  30% KOH f o r  5 days a t  8OoC 
0 
A l l  t h e  s a m p l e s  t r e a t e d  i n  KOH showed  poor c r y s t a l l i n i t y  u n l e s s  t h e y  
were d r i e d .   P r e s s i n g   t h e   s a m p l e   g a v e   v a r i o u s   u n i d e n t i f i e d   p h a s e s   n o t  
m a t c h i n g   t h a t   o f   t h e   u n t r e a t e d  raw material. Oven dry ing   gave   an   even  
d i f f e r e n t  p a t t e r n .  A por t ion  o f  s ample  AX-5 was water washed  and f i l -  
t e r e d ,  t h i s  c a u s e d  t h e  c r y s t a l l o g r a p h i c  p a t t e r n  t o  c h a n g e  a n d  m a t c h  
t h a t  o f  t h e  u n t r e a t e d  f i b e r s .  
Table  I V  l i s t s  t h e  c e l l  matrices t h a t  were submi t t ed  fo r  X- ray  ana lys i s .  
The f i r s t  m a t r i x  s u b m i t t e d  was from c e l l  n o .  2A o f  t h e  m a t r i x  c o m p a r i s o n  
tests. T h i s   c e l l   r a n  1067 c y c l e s .   T a b l e  V g i v e s  a summary o f   t h e  re -  
s u l t s  f r o m   t h e   X - r a y   d i f f r a c t i o n  t es t s .  A s  can   be   seen   f rom  the  summary, 
t h e   m i d d l e   b l a c k   l a y e r   c o n t a i n s   e l e m e n t a l   p l a t i n u m   a n d   g o l d .  The H2 
s i d e   c o n t a i n s   m o s t l y   p o t a s s i u m   t i t a n a t e   a n d   t h e  0 s ide   has   ma jo r   phases  
o f  T e f l o n  a n d  a s b e s t o s .  
2 
A s  Table I V  shows, tests were conducted   where   ce l l s  were cyc led  50, 100, 
200, 400 and 1200 c y c l e s  a t  80 C us ing   the   90-minute   cyc le   reg ime.  The 
matrices were s u b m i t t e d   f o r   X - r a y   d i f f r a c t i o n   a n a l y s i s .  The r e s u l t s  are  
summarized i n   T a b l e  V.  I t  can   be   seen   f rom  the  summary t h a t  t h e  r e s u l t s  
o b t a i n e d   f r o m   t h e   a n a l y s i s   o f   t h e   m a t r i x   f r o m   c e l l  2 A  a r e  v e r i f i e d .  As 
t h e  c y c l e  l i f e  i n c r e a s e s ,  i t  is  e v i d e n t  t h a t  T e f l o n  a n d  a s b e s t o s  become 
c o n c e n t r a t e d   o n   t h e  0 s i d e .   T h i s   c a n  mean t h a t   t h e   T e f l o n   a n d   a s b e s t o s  
are moving t o   t h e  0 s i d e  o r   t h e   p o t a s s i u m   t i t a n a t e  away  from i t  toward 
t h e  Hz s i d e .  I t  a l so   can   be   s een   f rom  Tab le  V t h a t   p l a t i n u m  moves i n t o  







M°C 50 Cycle 
Cal l  30 
Idd la  b l ack  l aye r .  
lo PC. 
82 rid. wry l i t t l e  
rcflon. No 
r a k r t o r .  
M rid. high in 
Ief lon;  lw in 
arbar tor .  
Middle black layer.  
Small Pt  in  the  
aida  of  layer. No 
Au . 
H2 aide low i n  
Teflon and 
arbeatos .  
02 r ide  moderate 
Taflon and 
concentration of 
a a k r t o r .  
I i t a n t a  p h r a s  Hz 
a d  % s ide  s imi la r  
but lack crystal- 
l i n i t y  on 82 r ide .  
Are not idontifiad.  
TABLE V 
SUMMARY OF X-RAY DIFFRACTION 
~ O O C  ZOO Cycle 
Cel l  37 
Uiddle black layer. 
Same s t ruc ture  a s  
H2 s ide .  Sam 
amount of Teflon 
a d  asbestos .  Sollv 
P t ,  no Au. 
82 aide u j o r  phare 
lore Teflon and 
a d  100-cycle 
a a k a t o a   t h n  50 
c a l l a .  
KzTi4Og. S l i & t l y  
02 r ide  major p h s e  
is Teflon.  Aabertoa 
phase in grea ter  
concentration than 
t i t m m t a .  
80°C 400 Cycle 
Cel l  38 
Wjor phase of Au 
Middle black layer .  
intermediate phase 
of P t  several 
phases of €3. 
Hz side major phase 
amounts of Teflon 
K2Ti40g. ntnor 
and aabestos. 
02 side major 
phases Teflon and 
arbeatos .  
80°C 1240 Cycle 
Cell 35 
P t ,  no A u .  Teflon 
Middle black layer. 
and asbestos i n  
moderate  amounts. 
fixed types of U. 
Hz s ide  t race  of 
Teflon. No 
asbestos .  Uinor Au 
unident i f ied KT. 
strong phose of 
02 side major phases 
of Teflon and 
asbestos .  
80°C 1067 Cycle 
~~ 
Cell 2 
Middle black layer.  
k j o r  phase Au 
intermediate phare 
of H2Ti409, strong 
phase P t  and t race  
Teflon. 
Hq side of Teflon. 
Uinor phase 
asbestos ,  major 
phase mixed KC. 
02 s i d e  major phaaea 
of Teflon and 
asbcr tor .  
5OoC 105 Cycle 
Cal l  29 
No black layer 
obrerved. No Pt  or 
Au. No Teflon or 
asbestos .  
82 side,  very l i t t l e  
Teflon - 1/2 am much 
as 50 c y c l e  a t  80°C. 
No arbertoa.  
02 aide low in  Te f lon  
and low in  a rbe r toa ,  
but twice as much aa 
50 cyclo of W0C. 
A matrix from c e l l  2 9 A  cyc led  a t  5OoC f o r  t h e  l i f e  t e s t  series was 
s u b m i t t e d  f o r  X - r a y  d i f f r a c t i o n  a n a l y s i s .  T h e  c e l l  had   on ly  100 c y c l e s .  
It can b e  seen from the summary, Table  V, t ha t  t h e  a s b e s t o s  a n d  T e f l o n  
d i d  n o t  c o n c e n t r a t e  a t  t h e  0 s i d e  as shown f o r  100 c y c l e s  a t  80 C. 0 2 
2 . 3 . 4  KOH CONCENTRATION LOSS 
Tab le  I V  shows t h a t  t h e  se r ies  o f  ce l l s  (nos .  3 0 A ,   3 4 A ,  3 7 A ,  and 3 8 A )  
u s e d  f o r  X - r a y  d i f f r a c t i o n  t e s t i n g  r e v e a l e d  a r e l a t i o n s h i p  b e t w e e n  
c y c l e  l i f e  and KOH e l e c t r o l y t e   c o n c e n t r a t i o n .   F i g u r e  10 shows t h a t ,  
a f t e r  t h e  f i r s t  200 c y c l e s ,  t h e  c o n c e n t r a t i o n  loss o f  KOH becomes 
smaller as a p l a t e a u  on t h e   c u r v e  is approached.  Cells 2 A ,   3 A ,  and 
6 A  from  Table V a re  a l s o  p l o t t e d  i n  F i g u r e  10 and show t h e  p l a t e a u  
t o  b e  a b o u t  19%. 
2 . 3 . 5  STABILITY OF POTASSIUM TITANATE 
The  Dupont p a t e n t  d e s c r i b e s  two s t a b l e  s p e c i e s  o f  p o t a s s i u m  t i tana te .  
The f i r s t  i s  a t e t r a t i t a n a t e  g i v e n  t h e  f o r m u l a  K T i  0 ; t he   s econd  is  
a h e x a t i t a n a t e  w i t h  t h e  f o r m u l a  K T i  0 I t  was c l a i m e d  t h a t  t h e  e x -  
t r a c t e d  t e t r a t i t a n a t e  h a s  s u p e r i o r  f l e x i b i l i t y  and f i b e r  l e n g t h s ,  as 
much a s  40% of  the potassium content  can be removed by water washing,  
a n d  t h e  t e t r a t i t a n a t e  c a n  b e  c o n v e r t e d  t o  t h e  m o r e  s t a b l e  h e x a t i t a n a t e  
by   hea t ing   to   t empera tures   above  1100 C .  However, t h e r e  is c o n f l i c t i n g  
e v i d e n c e   t h a t   t h e  KT c o n v e r t s  t o  r u t i l e  a t  t h e   h i g h   t e m p e r a t u r e .  
2 4 9  
2 6 1 3 ’  
0 
Samples 1, 2 and 3 i n  T a b l e  V I  were un t r ea t ed  samples  o f  po ta s s ium 
t i tana te .  The f i r s t  two samples were s imply water washed;   one  with 
c o l d  water, t he   s econd   w i th   ho t  water. The t h i r d   s a m p l e  was t r e a t e d  
wi th  KOH then  water washed. A s  can   be   seen ,   approximate ly  a 5% loss 
i n  w e i g h t   o c c u r r e d   i n  a l l  t h r e e   s a m p l e s .   T h i s   i n d i c a t e s  a s o l u b l e  
f r a c t i o n  i n  t h e  u n t r e a t e d  p o t a s s i u m  t i t a n a t e .  S a m p l e  4 was a p o r t i o n  
34 
1 8 k  2bO do & do l d o o  1 2 h l  ldb0  1100 18AO 




CELL CYCLES (90 minutes at 80 "C) 















1O.OOOOg of u n t r e a t e d  
p o t a s s i u m  t i t a n a t e .  
Same sample above. 
5.0305g  of u n t r e a t e d  
p o t a s s i u m  t i t a n a t e .  
2.5125g  of u n t r e a t e d  
p o t a s s i u m  t i t a n a t e .  
0.8570g of untreated 
p o t a s s i u m  t i t a n a t e .  
1.0912g  of  potassium 
t i t a n a t e  f i r e d  a t  
120oOc. 
2.43868  of  potassium 
t i t a n a t e  f i r e d  a t  
1200OC. 
4.2330g  of  Baker 
Reagent grade T i 0  2 
TABLE V I  
POTASSIUM TITANATE STABILITY  TESTS 
Treatment 
Soak  for  48 h o u r s  i n  d i s t i l l e d  water a t  room 
tempera ture .  
Wash through  bGchner  funnel  for 6 hours  wi th  
d i s t i l l e d  water a t  room tempera ture .  
Wash through bzchner  funnel  for  6 hours   with 
d i s t i l l e d  w a t e r  a t  90 t o  100°C. 
Boi led   in   300   cc   o f  30% KOH f o r  6 hours .  Wash 
through bi ichner  funnel  unt i l  pH i s  same as 
wash water. 
F i r e d  a t  12OO0C. 
Washed through  biichner  funnel  for 6 hours  I 
d i s t i l l e d  water a t  90 to 100°C. 
d i t h  
Bo i l ed  in  300 cc  o f  30% KOH f o r  6 hours .  
Washed through a b k h n e r  u n t i l  pH i s  same as 
wash water. 
Boi led  in  400  cc  of  30% KOH f o r  6 hours .  
Washed through a b k h n e r  f u n n e l  u n t i l  pH i s  

















o f  u n t r e a t e d  p o t a s s i u m  t i t a n a t e  t h a t  was f i r e d  a t  120OOC. A s  can b e  
seen, a 6 .6%  lo s s   o f   we igh t   occu r red .  A sample   o f   f i r ed   po ta s s ium 
t i t a n a t e  was s u b m i t t e d  f o r  X - r a y  d i f f r a c t i o n  tests.  A major   phase was 
i d e n t i f i e d  as T i 0   ( r u t i l e ) ,   a n   i n t e r m e d i a t e   p h a s e  was i d e n t i f i e d  as 
t h e   h e x a t i t a n a t e  (K2Ti6013). A few o t h e r   l o w - i n t e n s i t y   r e f l e c t i o n s  
were o b s e r v e d  t h a t  d o  n o t  f i t  t h e  p a t t e r n  f o r  r u t i l e  o r  h e x a t i t a n a t e .  
T h e  o c c u r r e n c e  o f  t h e  l a r g e  a m o u n t  o f  r u t i l e  p r e s e n t  i n  t h i s  s a m p l e  
i n d i c a t e s  t h a t  t h e  p r o l o n g e d  h i g h  t e m p e r a t u r e  e n v i r o n m e n t  h a s  i n i t i a t e d  
d i s a s s o c i a t i o n  o f  t h e  t i t a n a t e .  A s  t he   decompos i t ion   and   vapor i za t ion  
tempera tures  of  po tass ium oxide  occur  much below 1,000 C ,  t h i s  compound 
d i s a p p e a r s  as f a s t  as d i s a s s o c i a t i o n  o f  t h e  t i t a n a t e  p h a s e  o c c u r s .  
S t a b i l i z a t i o n  o f  t h e  h e x a t i t a n a t e  p h a s e  s h o u l d  b e  p o s s i b l e  a t  a lower 
tempera ture ,  wi th  perhaps  not  so much d e g r a d a t i o n  o f  t h e  f i b e r  s t r u c -  
tu re .   Samples  5 and 6 a r e  f i r e d  p o t a s s i u m  t i t a n a t e ,  a mixture  of hexa- 
t i t a n a t e  a n d  r u t i l e .  A s  can   be   seen   in   Table  V I ,  t h e r e  was small loss 
i n  w e i g h t  f r o m  e i t h e r  water wash ing  o r  t r ea tmen t  w i th  ho t  KOH. This  
i n d i c a t e s  t h a t  t h e  f i r e d  p o t a s s i u m  t i t a n a t e  h a s  a smaller f r a c t i o n  o f  
s o l u b l e  material .  
2 
0 
Sample 7 i s  Baker  Reagent  grade  Ti0 I t  was s u b j e c t e d   t o   h o t  KOH and 
water washed. A s  can   be   seen ,   the   weight  l o s s  was small, showing  that  
TiO2 i s  s t a b l e  i n  KOH f o r  t h i s  t e s t  c o n d i t i o n .  
2 '  
2.3.6 CATALYST MIGRATION TESTS 
I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e  P t  found i n  t h e  b l a c k  l a y e r  o f  t h e  
matrix was t r a n s f e r r e d  f r o m  o n e  o r  b o t h  e l e c t r o d e s ,  a test was r u n  
u s i n g  a P t  e l e c t r o d e  o n  t h e  H s i d e   a n d  a Pd e l e c t r o d e   o n   t h e  0 s i d e .  
Cell  54-A c o n t a i n e d  a s t a n d a r d  EOS H e l e c t r o d e  a n d  a n i c k e l  p l a q u e  
wi th   pa l lad ium  on   the  0 s i d e .  The s t anda rd   p re s sed   componen t   ma t r ix  
w i t h  45 g of  KOH was used  wi th  a 0 .060- in .  spacer .  The c e l l  b u i l t  up 
l a r g e  d i f f e r e n t i a l  p r e s s u r e s  b e c a u s e  t h e  Pd e l e c t r o d e  on t h e  O2 s i d e  





d i s c h a r g e .   D e s p i t e   t h e   d i f f e r e n t i a l s ,   t h e  cel l  r a n  41 c y c l e s .  A 
sample  o f  t he  ma t r ix  was s u b m i t t e d  f o r  a s e m i q u a n t i t a t i v e  a n a l y s i s ,  
as can  be  seen  f rom Table  VII. The b l a c k  l a y e r  c o n t a i n s  p a l l a d i u m  a n d  
n o   p l a t i n u m .   T h i s   r e s u l t   i n d i c a t e s   t h a t   t h e  metal i s  removed  from 
o n l y  t h e  O2 e l e c t r o d e .  
To e l i m i n a t e  t h e  d i f f e r e n t i a l  p r e s s u r e s ,  a n  e l e c t r o d e  was f a b r i c a t e d  
by  forming Pd powder on  an  O.OlO- in . - th ick ,  go ld-p la ted ,  expanded  n icke l  
s c r e e n .  T h i s  e l e c t r o d e  was u s e d  i n  c e l l  61-A w i t h  a s t a n d a r d  EOS e l e c -  
t rode   on   t he  H2 s i d e .  The m a t r i x  was the   s t anda rd   p re s sed   compos i t e  
type ,   and  i t  con ta ined   45  g of   30.4% KOH. The space r  was 0.060-in.  
t h i c k .  The c e l l  was c h a r g e d   t o  350 p s i g .  On d i s c h a r g e  i t  was found 
t h a t  t h e  c e l l  c o u l d  n o t  s u s t a i n  a n y  c u r r e n t .  Upon reexamining   the  Pd 
powder, i t  appeared  to  be  a g r e y  c o l o r ,  p r o b a b l y  t o o  c o a r s e  t o  a c t  as  
a ca t a l y s  t . 
Some  Pd b l ack  was purchased from Engelhar t  Company and  another  0 
e l e c t r o d e  was f a b r i c a t e d  i n  t h e  same  manner as above and assembled in  
c e l l  67-A. Cell 67-A con ta ined   t he   s t anda rd  EOS H e l e c t r o d e ,  a p res sed  
composi te   mat r ix   wi th   45  g of  30.4% KOH, and a 60-mi l   spacer .  The c e l l  
r a n  4 9  c y c l e s  a n d  t h e n  b e g a n  t o  s e l f - d i s c h a r g e  b e c a u s e  o f  i n t e r n a l  g a s  
l eakage .  The c e l l  was taken  apar t  and a new m a t r i x  was i n s e r t e d .  The 
ce l l  was r u n   f o r  639 c y c l e s .  The t es t  was d i s c o n t i n u e d  when t h e   a v e r a g e  
d i s c h a r g e   v o l t a g e  f e l l  below 0.7V. F i g u r e  11 shows a fast  deg rada t ion  
i n   c y c l e   p e r f o r m a n c e   a f t e r  300 c y c l e s .   F i g u r e  1 2  shows t h e  i n i t i a l  a n d  
f i n a l   p o l a r i z a t i o n   c u r v e s   f o r   t h e   s e c o n d   m a t r i x   c e l l .  The i n i t i a l   a n d  
f ina l  impedances  of  t h e  c e l l  w i t h  t h e  s e c o n d  m a t r i x  were 0.0040 and 
0.008R a t  8OoC. The f i n a l   c o n c e n t r a t i o n   o f   t h e  KOH was 20.1%. Upon 
d isassembiy  i t  was o b s e r v e d  t h a t  t h e  H2 backup  p la t e s  and  sc reen  were 




TABLE  VI1 
SEMIQUANTITATIVE  SPECTROGRAPHIC ANALYSIS OF 
MIDDLE  SECTION OF FUEL  CELL  MATRIX NO. 54-A 
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Figure  12. Charge and Discharge Polarization of Cell 67-A 
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Table VI11 shows t h e  r e s u l t s  o f  a s p e c t r o g r a p h i c  a n a l y s i s  o f  t h e  m a t r i x  
from c e l l  67-A.  As shown, the   ma t r ix   con ta ins   on ly   pa l l ad ium,   conf i rm-  
ing t h e  r e s u l t s  o f  c e l l  54. The mig ra t ion   occu r s   on ly   f rom  the  0 
e l e c t r o d e .  
2 
2.3.7 PT MIGRATION I N  ELECTROLYTE 
A 2- in .2  Cyanamid AB-6 e l e c t r o d e  was run  as a c a t h o d e  i n  750 c c  of 30% 
KOH f o r  400 h r s .  A c u r r e n t   d e n s i t y  of 27.8 mA/cm was used .  Water was 
r e p l a c e d  as i t  was e l e c t r o l y z e d ,   k e e p i n g   t h e   c o n c e n t r a t i o n   c o n s t a n t .  A 
p l a t i n u m c r u c i b l e   l i d   ( 2 . 5 i n . ) w a s  used  a s  t h e   a n o d e a n d w e i g h e d   p e r i o d i c a l l y .  
F igu re  13  shows a w e i g h t  g a i n  d u r i n g  t h e  f i r s t  72 hour s ,  t hen  a c o n s t a n t  
weight ,   and a l o s s  i n  w e i g h t .  The  Cyanamid e l e c t r o d e  was weighed a t  t h e  
beginning  and  end of t h e  t es t  and showed no change   in   weight .  The con- 
c l u s i o n  is  t h a t  no P t  was removed  from t h e  0 e l e c t r o d e  u n d e r  t h e  a b o v e  
c o n d i t i o n s .  Some impur i t i e s   were  removed  from t h e   e l e c t r o l y t e   d u r i n g  
t h e  f i r s t  7 2  hour s .  The m i g r a t i o n  of  P t  i n  t h e  f u e l  c e l l  is a p p a r e n t l y  




2.3.8 GOLD AND PLATINUM ANALYSIS I N  FUEL CELL MATRIXES 
2 
Table  I X  l i s t s  t h e   a n a l y t i c a l   r e s u l t s   o b t a i n e d   u s i n g   1 - i n .  samples of 
f u e l  c e l l  m a t r i x e s .  The gold  was ana lyzed   g rav ime t r i ca l ly ,   and   t he   P t  
was ana lyzed   us ing  a spec t rophotometer .   Blank   mat r ixes  were run  and 
showed  no go ld  o r  p l a t inum.  A 1 - i n . 2  m a t r i x  sample from c e l l  5-A was 
s u b m i t t e d  t o  a n  o u t s i d e  t e s t i n g  l a b o r a t o r y ,  T r u e s d a i l  L a b o r a t o r i e s ,  f o r  
a n a l y s i s .  T a b l e  X shows t h e  r e s u l t s  t o  b e  i n  l i n e  w i t h  t h o s e  o b t a i n e d  
a t  EOS. 
T h i s  a n a l y s i s  r e p r e s e n t s  t h e  minimum amount  of P t  removed  from t h e  
e l e c t r o d e  o r  e l e c t r o d e s ,  s i n c e  some may b e  d e p o s i t e d  o u t s i d e  o f  t h e  
m a t r i x .   I f  a l l  the   mig ra t ing   p l a t inum comes from  the 0 e l e c t r o d e ,  as 
t h e  Pd e l e c t r o d e  c e l l  tes t  i n d i c a t e d ,  t h e  a n a l y s i s  shows t h a t  a t  least 
2 
TABLE  VI11 
SEMIQUANTITATIVE  SPECTROGRAPHIC ANALYSIS OF 





























Other  elements nil 
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I.- - " 
F i g u r e  13. P t  Migra t ion  i n  30% KOH 
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11.25 
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90-minute cycle a t  8OoC 
90-minute cycle a t  8OoC 
90-minute cycle a t  8OoC 
90-minute cycle a t  80 C 
90-minute cycle a t  80 C 
90-minute cycle a t  8OoC 
90-minute cycle a t  80 C 





.. . . .  . . . . . . . 
DETERMINATION OF GOLD AND PLATINUM 
SAMPLE OF MATRIX FROM CELL 5A 
Go Id 
P la t inum 
M i l l i g r a m s / i n .  2 
11 .21  
14.19 
Note:   Analysis  by  T r u e s d a i l   L a b o r a t o r i e s  
46 
25% o f  t h e  c a t a l y s t  c a n  b e  removed f rom the  e lec t rode  under  these  
c o n d i t i o n s .   T h e   r e s u l t i n g   c h a n g e   i n   t h e  O2 e l e c t r o d e   ( l o s s  of c a t a l y s t )  
most probably i s  a l a r g e  f a c t o r  i n  d e g r a d a t i o n  o f  p e r f o r m a n c e  w i t h  
cycle l i f e .  
2.4 LIFE TESTING 
U s i n g  t h e  p r e s s e d  m a t r i x  s e l e c t e d  i n  t h e  m a t r i x  c o m p a r i s o n  tests , a n  
EOS H2 e l e c t r o d e ,  Cyanamid AB-6 0 e l e c t r o d e ,   a n d  a 0 .060- in .   space r ,  
f u e l  ce l l s  were b u i l t   a n d   l i f e   c y c l e d   u n d e r   v a r i o u s   c y c l e   r e g i m e s .  The 
ce l l s  h a d  a n  e l e c t r o d e  a r e a  of  180 cm . 
2 
2 
The cyc le  r eg imes  tha t  were  used  a re  a s  follows: 
a .  One-hr  charge a t  10A, 1 /2 -h r   d i scha rge   a t   17 .5A,  8OoC 
b.  One-hr  charge a t  10A, 1 /2 -h r   d i scha rge   a t   17 .5A,  50°C 
c .  22.8-hr   charge  a t :   0 .850AY  1.2-hr   discharge a t  14.4A, 8OoC 
d .   2 2 . 8 - h r   c h a r g e   a t   0 . 6 5 A ,   1 . 2 - h r   d i s c h a r g e   a t  lO.OA, 80°C 
e .  22 .8 -h r   cha rge   a t   0 .65AY  1 .2 -h r   d i scha rge   a t  l O . O A ,  50°C 
f .  2 . 5 - h r   c h a r g e   a t   3 . 5 A ,   1 . 0 - h r   d i s c h a r g e   a t  8.OA, 5OoC 
g. A r e p e a t  o f  c y c l e  "a" above.  
Table  XI is  a summary o f  t h e   l i f e   t e s t s   p e r f o r m e d   d u r i n g   t h e   p r o g r a m .  
2.4.1 90-MINUTE CYCLE AT 8OoC 
The p r e s s e d  m a t r i x  c e l l s  f rom  the  matr ix   comparison  tes ts  a r e  inc luded  
i n  t h i s  s u b s e c t i o n  t o  cover   cyc le   reg ime 'la'' f rom  the  previous l i s t .  
This  series of  c e l l s  provides  a b a s e l i n e  o f  o v e r  2000 h r s  o p e r a t i o n  f o r  

































































































































































0 .005~ ;  
0.01611 




Sample  sent  for 
X-ray  diffraction 
Norma 1 failure. 
Normal  failure. 
Upon  disassembly, 
a  burnt  spot  was 
observed 
Norma 1 failure. 
Normal  failure. 
Sent  sample  for X-ray 
diffraction  test 
Normal  failure. 
Had  ignition  hole 
that  resealed 
Ignition  terminated 
test 
Norma 1 failure. 































22.8-hr  charge, 
1.2-hr discharge,  




1.2-hr discharge,  
0.850 to 0.900A 
charge  l4.4A 
discharge 
22.8-hr  charge 
1.2-hr  discharge, 
0.850 t o  0.900A 
charge,  14.4A 
discharge 
22.8-hr  charge, 
1.2-hr discharge,  





















































i g n i t i o n  a t  625 
PS i g  
24-hr cycles 
Normal f a i l u r e .  
24-hr  cycle 
Cel l  shorted out 
24-hr cycle ter- 
minated by gas 
recombination - 
se l f  d i scharge  
24-hr cycle ter- 
minated by gas 
recombination - 
se l f  d i scharge .  
TABLE X I  





































22.8-hr  charge, 
1 .2-hr  d i scharge ,  
0.65A charge,  
10. OA discharge 
22.8-hr  charge, 
1 .2-hr  d i scharge ,  
0.6% charge,  
10. OA discharge 
22.8-hr  charge, 
1 .2-hr  discharge,  
0.65A charge,  
10. OA discharge 
22.8-hr  charge, 
1 .2-hr  discharge,  
0.65A charge,  
10. OA discharge 
2.5-hr charge,  
1 .0-hr  d i scharge ,  
3.5.4 charge,  
8.0A discharge 
60130 min 
lo /  17.5A 
Test 
Temp. 





























o f  30.4% 
KOH 
45 g 
of  30.0% 
KOH 
45 g 





' i na l  
IZOH 
( X )  
21.9 
27.9 
Impedance a t  
same (OC) as 
mp . " 
F i n a  1 
0. oo9n 
Comments 
shor ted  on  
i n i t i a l  c y c l e  
24-hr cycles 
f a i l e d  a f t e r  
being reverse- 
charged 
24-hr  cycle 
discontinued be- 
cause of  faul ty  
t ransducer  
24-hr cycle dis- 
continued be- 
cause of gas  
recombination 
3.5-hr cycle 
Normal f a i l u r e .  















Matrix  Cycles 























SUMMARY OF  CELLS  LIFE  TESTS  (contd.) - , Test 1: I F ina  1 ! 
Type  of  Temp. , 
Cycle 1 (OC) I Electrodes 
60130  min 1 80 ' EOS/Cyanamid 
10/17,5A 1 AB-6 
I 
60130  min 
lo /  17.5A 
60130  min 
10/17,5A 
60130  min 
10/17.5A 






























lyte ( X )  
45 g 
of  29.8% 
KOH 
37.6 g 






















same (OC) as 
"Test 











Removed  from  test  be- 
cause  of  faulty  trans- 
ducer 
Matrix  made  from 
special  DuPont  hexa- 
titonate;  0.050-in, 
spacer  used 
Removed  from  test 
because  of  faulty 
transducer. Put back 
on test. 
On test. 
Power  supply  failed. 
Discharge  voltage  fell 




2.4.2 90-MINUTE  CYCLE  AT  50°C 
Cells 29A,  31A,  32A, 33A, and 60A i n  Table  I V  were cycled using regime 
, Two o f  t h e  c e l l s ,  n o s .  31-A and 32-A, were te rmina ted  when an llbll 
i n t e r n a l  i g n i t i o n  o c c u r r e d .  
Cell 29-A was terminated a t  105 cycles  when t h e  d i s c h a r g e  f e l l  below 
0.7V.  Figure 14 shows tha t  t he  cha rge  vo l t age  was q u i t e  h i g h  n e a r  1.9V 
f o r  t h e  f i r s t  100 cyc le s ,  t hen  i t  abrupt ly  began  to  r ise  above 2.0V. 
The d ischarge  a t  104 cycles began quite low, then i t  r ecove red  ha l f  way 
through  the   cyc le .   This  phenomenon i s  a n  i n d i c a t i o n  t h a t  t h e  c e l l  may 
have become too  d ry ,  Upon disassembly of  t h e  c e l l ,  i t  was observed 
t h a t  H and 0 screens  were c l ean .  The H2 electrode  looked  good. The 
matrix adhered   to   the  0 e lec t rode   and   appeared   dr ie r   than   usua l .  A 
b l a c k   l a y e r   e x t e n d e d   s l i g h t l y   i n t o   t h e   m a t r i x  from the  H s ide.   There 




Cell 60-A was t e r m i n a t e d  a f t e r  63 cyc le s  when the  d ischarge  fe l l  be low 
0.7V.  The i n s i d e   o f   t h e   c e l l   a p p e a r e d   i d e n t i c a l   t o  29-A discussed  above.  
There was no d i s t inc t  da rk  midd le  layer i n  t h e  m a t r i x .  
Cell  33-A was a s t a n d a r d  c e l l  c o n s t r u c t e d  i n  t h e  same manner as ce l l s  
29A,  31A, and 32A. T h i s  c e l l  was run a t  6OoC ins t ead  o f  5Ooc to  de te rmine  
i f  a s l i g h t l y  h i g h e r  temperature would l e a d  t o  l o n g e r  c y c l e  l i v e s .  The 
c e l l  r a n  399 cyc le s  and was removed  from test .  F igure  15 shows a f i n a l  
average   d i scharge   vo l tage   o f   0 .65 .  The i n i t i a l  and  f inal   impedances a t  
6OoC were 0.004n and 0.0080. The f i n a l  KOH ana lys i s  gave  a concentra-  
t ion  of  26.25%. Upon disassembly,  i t  was obse rved   t ha t   t he   e l ec t rodes ,  
s c reens ,  and  p l a t e s  on b o t h  s i d e s  o f  t h e  c e l l  were i n  good cond i t ion .  
The H s ide   o f   t he   ma t r ix  was gray  and  hard. The gray  layer   extended 
in to   t he   midd le   o f   t he   ma t r ix .  The 0 s i d e  was gray  on  the  surface  and 
white  immediately  under  the  surface.  The matrix appea red  to  be  so f t e r  
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Figure 15. Cycle Performance of Cell No. 33-A 
80 90 
! 
l a y e r  c a n  b e  i d e n t i f i e d .  T h i s  c e l l  r a n  a t  60 C and  demonstrated a 
l i t t l e  b e t t e r  c y c l e  l i f e  t h a n  any o f  t h e  50 C c e l l s ,  b u t  d i d  n o t  a p -  
p r o a c h   t h e   c y c l e   l i f e   d e m o n s t r a t e d  by t h e  80 C c e l l s .  The  h igh   cha rge  
v o l t a g e s  o b t a i n e d  a t  the   lower   t empera tures  may a d v e r s e l y  a f f e c t  t h e  
l o w - t e m p e r a t u r e   c e l l s .  A 24-111- t e s t  a t  50 C m i g h t   g i v e   d i f f e r e n t  re-  
s u l t s  s i n c e  t h e  c h a r g i n g  c u r r e n t  d e n s i t y  w i l l  be  lower  with a c o r r e -  





2 . 4 . 3  24-HR CYCLE A' l  8o°C 
Cells 19A, 24A, 3 6 A ,  49A, and  53A were  cycled u s i n g  regime "cJ'. The 
ce l l s  were charged t o  500 p s i g   u s i n g  ;I l i m i t i n g   p r e s s u r e   s w i t c h .  A l l  o f  
t h e   t e s t s   e x c e p t   o n e  were tern1in:Itecl 1).  i g n i t i o n ,  g a s  r e c o m b i n a t i o n ,   o r  
i n t e r n a l   c e l l   s h o r t s .  The cunclus ion  was  reaclled t h a t   t h e   c e l l s  were 
being  overcharged  beyond tlle capac i ly   in l le rcn t  i n  tile c e l l   c o n f i g u r a t i o n .  
I t  was dec ided  LliaL Llle ? & - l l r  t e s t  regime h e  c l langet l ,   l imit ing  the 
cha rge  pressure 10 $00 p s i g .  ' l ' l ~ i s  means cliscllarging a t   a b o u t  1 0 A  i n s t e a d  
of 14.4A. 
C e l l  5 3 - A  was  cliangecl t o  c y c l e  1rc>g in ic -  " t i"  al.lc.1-  I-Llnning 7 , c y c l e s  on 
cyc le  reg ime "c"  . 'i'lle c c ' l  I r an  $8 c y c  l e s  l>c\i'orc i L i a i l e d  b e c a u s e  o f  
i n t e rna l   gas   r ecombina t ion .  Fip,\lrc I h  S I I O W S  LllaL t h e   c e l  1 had a ten-  
dency t o  f lood toward t l l c  c ! n t l  0 1  cliscllarge.  Ccl 1 5 7 - A  s h o r t e d   o u t  on 
i t s  i n i t i a l  c y c l e .  cc. I I 59-14 ran 10 c y c l e s  tllen was acc iden t ly   cha rged  
i n  r e v e r s e ,  a r t e r  W I I  i cI1 i L I'ai I e c l .  Cc 1 1 (3'3-A ran  30 c y c l e s  when i t  was 
s u b j e c t e d   t o   h i g h   d i r r e r c n L i a l   p r e s s u r e s   b e c a u s e   i t s   t r a n s d u c e r   f a i l e d .  
F igu re  17 shows   t he   pe r fo rn lance   c l~a rac t e r i s l i c s  o f  c e l l  6 3 - A .  A s  can  
b e  s e e n ,  t h e  d i s c h a r g e  vo I Lagc rernainetl  above 0.9V u n t i l  n e a r  t h e  e n d ,  
when f lood ing   occu r red .  
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Figure 16. Cycle Performance of Cell No. 53-A 
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Figure  17.  Cycle Performance of  Cell No. 63-A 
2 . 4 . 5  MODIFIED 24-HR CYCLE AT 5OoC 
Cell 64-A was c y c l e d   u s i n g   r e g i m e  "e". The c e l l  is  a d u p l i c a t e  i n  
c o n s t r u c t i o n   o f  a l l  t h e  l i f e  test c e l l s .  A s  F i g u r e  18 shows,   the  c e l l  
averaged  above 0.9V f o r  30 cyc le s .   The  c e l l  began t o  s e l f - d i s c h a r g e  
a f t e r   t h e   3 1 s t   c y c l e .  No e x t e r n a l   s h o r t   c i r c u i t s   c o u l d   b e   f o u n d .   T h e  
test was t e r m i n a t e d  a n d  t h e  c e l l  was taken  a p a r t .  Nothing w a s  found 
t h a t   c o u l d   a c c o u n t   f o r   t h e   s e l f   d i s c h a r g e .   B o t h   t h e  H and O2 backup 
s c r e e n s   a n d   e l e c t r o d e s  were c l e a n .  The m a t r i x  was s l i g h t l y  g r a y  o n  t h e  
0 s i d e   a n d  a da rke r   g ray   on   t he  H2 s i d e .   T h e r e  was n o   d a r k   l a y e r   i n  
t h e   m i d d l e   o f   t h e   m a t r i x .   T h i s  i s  c o n s i s t e n t   w i t h   o t h e r   c e l l s   c y c l e d  
a t  5OoC. The f i n a l  KOH concent ra t ion   was   27 .9%.  
2 
2 
2 .4 .6   3 .5  HR CYCLE AT 5OoC 
Cel l  65-A had a p res sed  compos i t e  ma t r ix  con ta in ing  45g  o f  30 .4% KOH. 
The s t a n d a r d  EOS/Cyanamid e l e c t r o d e s  were used .  The s p a c e r  was 0.060 
i n .   t h i c k .  The c e l l  was p u t  on a t ime   cyc le   o f   2 .5   h r s   cha rge   and  1 
h r   d i s c h a r g e .  A p r e s s u r e   s w i t c h   l i m i t e d   t h e   c h a r g e   t o  350 p s i g .  The 
c h a r g e   c u r r e n t  was 3.5A and   t he   d i scha rge  was 8.0A. The ambient  emper- 
a t u r e  was 50 C .  The t e s t  was r u n   f o r  111 cyc le s   and   t hen   d i scon t inued  
because   o f   per formance   degrada t ion .   F igure  19 shows a v o l t a g e   d r o p  a t  
the   end   o f   d i scha rge .  The drop was s m a l l   f o r   t h e  f i r s t  50 c y c l e s   a n d  
became e x t r e m e   a f t e r  90 c y c l e s .   F i g u r e  20 shows t h e   i n i t i a l   a n d   f i n a l  
p o l a r i z a t i o n  c u r v e s .  
0 
Upon d isassembly ,  i t  was  observed  that  t h e  e l ec t rodes   and   s c reens   on  
b o t h   s i d e s  were c l e a n .  The mat r ix   had  no d i s c o l o r a t i o n ,   a n d   p l a t i n u m  
a d h e r e d   t o   t h e   m a t r i x  on t h e  ti s i d e .  T h e  0 s i d e  was w h i t e   a n d   s o f t .  
No middle   dark   l ayer  was observed .   This  i s  c o n s i s t e n t   w i t h   o t h e r  ce l l s  
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Figure  20. Charge and D i s c h a r g e  P o l a r i z a t i o n  of  Cel l  No.' 65-A 
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2.4.7 REPEAT OF 90 M I N  CYCLE  AT 8OoC 
I n  o r d e r  t o  r e e v a l u a t e  t h e  DuPont  potass ium t i tana te  material, ce l l s  
72-A through 80-8 were l i f e - c y c l e d  u s i n g  t h e  90-min regime a t  80 C .  
Cell 74-A c o n t a i n e d  a s p e c i a l  h e x a t i t a n a t e  m a t r i x .  The o t h e r  cel ls  
c o n t a i n e d  matrices f a b r i c a t e d  from washed DuPont  potassium t i tanate .  
0 
2.4.7.1 DuPont H e x a t i t a n a t e   M a t r i x  Cell 
Cell 74-A was a t r ia l  c e l l  w i t h  a matrix f a b r i c a t e d  w i t h  t h e  s p e c i a l  
DuPont h e x a t i t a n a t e  s u p p l i e d  by NASA L e w i s .  The c e l l  c o n t a i n e d   t h e  
s t a n d a r d  EOS and Cyanamid AB-6 e l e c t r o d e s .  The composi t ion   o f   the  
matrix was 802 KT, 10% Teflon  and 10% a s b e s t o s .  It weighed 29.2  g b u t  
was o n l y  0.052 i n .  t h i c k ,  w h e r e a s  t h e  o r d i n a r y  t i t a n a t e  matrices a r e  
o v e r  0.060 i n .   t h i c k .  A 0 .050- in .   space r  was used   to   insure   compres-  
s i o n  o f  t h e  m a t r i x .  B e c a u s e  of  t he   spac ing ,   on ly   37 .6  g of  KOH was 
used.  The h e x a t i t a n a t e  m a t r i x  was d i f f i c u l t  t o  h a n d l e  b e c a u s e  of i t s  
h i g h  s p e c i f i c  g r a v i t y  a n d  l a c k  o f  t e n s i l e  s t r e n g t h  when w e t .  I t  was 
t o r n  a t  the   edge   dur ing   assembly .  The t e a r  was pushed  together   and 
appea red   t o  seal .  The c e l l  r a n  6 c y c l e s   a n d   b e g a n   t o   s e l f   d i s c h a r g e .  
F i g u r e  2 1  shows  the  performance was  good w h i l e  i t  r a n .  When t h e  c e l l  
was d isassembled ,  i t  was o b s e r v e d  t h a t  a l l  the  components were c l e a q .  
There was no   da rk   midd le   l aye r   i n   t he   ma t r ix .  Due t o  t h e  limits o f  t h e  
p r o g r a m ,  t h e  h e x a t i t a n a t e  was n o t  p u r s u e d  f u r t h e r .  
2.4.7.2 Regular  DuPont Potass ium  Ti tana te   Mat r ix  Cells 
Cell 72-A was t h e  f i r s t  o f  t h i s  l i f e  tes t  series. I t  c o n t a i n e d   t h e  
s t a n d a r d  EOS and Cyanamid AB-6 e l e c t r o d e s .  The m a t r i x  was f a b r i c a t e d  
f rom  the   o rd ina ry  DuPont potassium  t i tanate .   The  composi t ion  was 80% 
KT, 10% Tef lon  and  10% a s b e s t o s .  It weighed 27.2 g andcon ta ined  45  g 
of  29.8% KOH. The  spacer  was 0 .060   i n .   t h i ck .   The  c e l l  r a n  314 c y c l e s  
a n d  t h e  test w a s  d i s c o n t i n u e d  when the  d ischarge  dropped  be low 0.7V. 
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F i g u r e  21. Cycle   Per formance  o f  Cell No. 7 4 - A  
F i g u r e  22 shows a l a r g e  d e g r a d a t i o n  i n  c y c l e  p e r f o r m a n c e  a f t e r  270 
c y c l e s .   F i g u r e  23 shows t h e  i n i t i a l  a n d  f i n a l  p o l a r i z a t i o n  c u r v e s  f o r  
t h i s  cel l .  Upon d isassembly ,  i t  was o b s e r v e d  t h a t  t h e  s c r e e n s  a n d  
backup  p la t e s  on  the  O2 s i d e  were extremely  corroded.   The H2 s c r e e n s  
and   backup  p la te  were c lean .   The   mat r ix   on   the  0 s i d e  was d i s c o l o r e d  
and had a d i s t i n c t  d a r k  m i d d l e  l a y e r .  
2 
Cell 7 3 4  was a l i f e  test c e l l ;  i t  con ta ined  s t anda rd  EOS and  Cyanamid 
AB-6 e l e c t r o d e s .  The matrix was f a b r i c a t e d  from t h e   o r d i n a r y  DuPont 
p o t a s s i u m  t i t a n a t e .  The composi t ion  was 80% KT, 10% Tef lon   and  10% 
a s b e s t o s .  Ii: weighed 27.4 g and   conta ined  45 g of 29.8% KOH. The space r  
was 0.060 i n .   t h i c k .  The c e l l  o p e r a t e d  758 cyc le s   and  was removed  from 
tes t  because of a f a u l t y   t r a n s d u c e r .   F i g u r e  24 shows t h e  c y c l e  l i f e  
p e r f o r m a n c e  o f  t h i s  c e l l .  The extreme  degradat ion  of   performance was 
probably a r e s u l t  o f  o v e r p r e s s u r i z a t i o n  c a u s e d  by t h e  f a u l t y  d i f f e r -  
e n t i a l   t r a n s d u c e r .  
Cell 75-A was a l i f e  t e s t  c e l l ;  i t  con ta ined  s t anda rd  EOS and  Cyanamid 
AB-6 e l e c t r o d e s .  The w t r i x  was fab r i ca t ed   f rom  the   o rd ina ry  DuPont 
p o t a s s i u m  t i t a n a t e .  The composi t ion  was 80% KT, 10% Teflon  and  10% 
a s b e s t o s .  I t  weighed 27.6 g and   conta ined  45 g of 29.8% KOH. The space r  
was 0.060 i n .  t h i c k .  The c e l l  o p e r a t e d  444 cyc le s   and  was removed  from 
tes t  because  of a f a u l t y   t r a n s d u c e r .   F i g u r e  25 shows t h e   a v e r a g e   d i s -  
c h a r g e  v o l t a g e  t o  b e  0.76V. 
Cell 76-A was a l i f e  test  c e l l ;  i t  con ta ined  s t anda rd  EOS and  Cyanamid 
AB-6 e l e c t r o d e s .  The m a t r i x  was f a b r i c a t e d  from t h e   o r d i n a r y  DuPont 
p o t a s s i u m  t i t a n a t e .  The composi t ion was 80% KT, 10% Teflon  and  10% 
a s b e s t o s  . I t  weighed 27.3 g and   conta ined  45 g of  29.8% KOH. The space r  
was 0.060 i n .   t h i c k .  The c e l l   o p e r a t e d  321 c y c l e s .   F i g u r e  26 shows t h e  
a v e r a g e  d i s c h a r g e  v o l t a g e  t o  b e  0.74V. 
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F i g u r e  22. Cycle Performance of Cell No. 72-A 
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Figure 24. Cycle Performance of Cell No. 73-A 
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Figure 25. Cycle Performance  of Cell No. 75-A 
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Figure 26. Performance o f  Ce l l  No. 76-A 
Cel l  77-A was a l i f e  t es t  c e l l ;  i t  c o n t a i n e d  s t a n d a r d  EOS and  Cyanamid 
AB-6 e l e c t r o d e s .  The m a t r i x  was f a b r i c a t e d   f r o m   t h e   o r d i n a r y  DuPont 
p o t a s s i u m   t i t a n a t e .  The  composition was 80% KT, 10% T e f l o n  and 10% 
a s b e s t o s .  I t  weighed  27.3 g a n d   c o n t a i n e d  45 g of   29.8 KOH. The s p a c e r  
was 0 . 0 6 0   i n .   t h i c k .  The c e l l   o p e r a t e d  226   cyc le s   and   t he  t es t  was 
d i s c o n t i n u e d   b e c a u s e  tlle d i s c h a r g e   v o l t a g e  le11 below  0 .7V.   Pr ior  
t o  t h e  v o l t a g e  d e g r a d a t i o n ,  t h e  c e l l  was reverse-charged  by  a Ni-Cd 
b a t t e r y   i n  ser ies  w i t h  i t .  The   power   supply   tha t   charges   the  c e l l s  
i n a d v e r t e n t l y   q u i  t func t ion ing   d t l r ing  tlle weekend.  Figure 27  shows t h e  
c y c l e   p e r f o r m a n c e   o f   t h e   c e l l .   F i g u r e  28  stlows t h e   p o l a r i z a t i o n   c u r v e s  
f o r  c e l l  77-A.  The c e l l  was d isassembled   and  i t  was f o u n d   t h a t   t h e  H 
e l ec t rode   and   s c reens   and   backup  p l a t e  were c l e a n .  However, t h e  O 2  
s c reens   and   backup   p l a t e  were s l i g h t l y   c o r r o d e d .  The m a t r i x   h a d   t h e  
t y p i c a l  d a r k  m i d d l e  l a y e r .  
2 
Cel l  78-A was a l i f e  t es t  c e l l ;  i t  c o n t a i n e d   s t a n d a r d  EOS and  Cyanamid 
AB-6 e l e c t r o d e s .  'The m a t r i x  was f a b r i c a t e d  from  the  ordinary  DuPont 
p o t a s s i u m   t i t a n a t e .  T h e  composi t ion was 807. KT, 107. Te f lon   and  10% 
a s b e s t o s .  I t  weighed  27.3 g and   con ta ined  45 g o f  29.8% K O H .  The s p a c e r  
was 0.060 i n .  t l l  i c k .  'Tile c e  11 o p e r a t e d  LC92 c y c l e s .   F i g u r e   2 9  shows t h e  
a v e r a g e  d i s c h a r g e  v o l  t a g e  t o  be 0.8V. 
Cell  79-A was a l i f e  t e s t  c e l l  ; i L c o n t a i n e d  s t a n d a r d  EOS and  Cyanamid 
AB-6 e l e c t r o d e s .  The m a t r i x  was f a b r i c a c e d  from t h e   o r d i n a r y  DuPont 
p o t a s s i u m   t i t a n a t e .  Tlle composi t ion was 807 K T ,  10% Teflon  and 10% 
a s b e s t o s .  I t  weighed  27.6 g and  conta ined  45 g of   29.8%, KOH. The s p a c e r  
was 0.060 i n .   t h i c k .  Tlle c e l l   o p e r a t e d   3 7 5   c y c l e s   a n d  i s  s t i l l  on t es t .  
F i g u r e  30 shows the   ave rage   d i sc l l a rgc   vo l t age   t o   be   above  0.77V. A f t e r  
c y c l e  3 2 0  t h e  c e l l  r e m a i n e d  o n  d i s c h a r g e  o v e r  a weekend  because a c y c l e  
swi tch   became  fau l ty .   Cycle   375   ind ica tes  the ce l l   pe r fo rmance   deg raded .  
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Figure 27.  Cyc le   Pe r fo rmance   o f  Cell No. 77-A 
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Figure 28. Charge and Discharge P o l a r i z a t i o n  of  Ce l l  77-A 
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Figure 29.  Cycle Performance of Cell  No. 78-A 
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Figure  30. Cycle  Performance of C e l l  79-A 
Cell  8 0 - A  was a 1 i . fe  tes t  c e l l ;  i t  con ta ined  s t anda rd  EOS and  Cyanamid 
AB-6 e l e c t r o d e s .  The matrix w a s  f a b r i c a t e d   f r o m   t h e   o r d i n a r y  DuPont 
p o t a s s i u m  t i t a n a t e .  The composi t ion  w a s  80% KT, 10% Tef lon   and  10% 
a s b e s t o s .  I t  weighed  28.1 g and   conta ined  45 g o f  29.8% KOH. The 
s p a c e r  was 0.060 i n .  t h i c k .  The c e l l  o p e r a t e d  256 cyc le s   and  was re- 
moved from tes t  because  of  a f a u l t y   t r a n s d u c e r .   F i g u r e  31 shows t h e  
a v e r a g e   d i s c h a r g e   v o l t a g e  t o  be  above 0.7V. A f t e r   c y c l e   2 0 0 ,   t h e  power 
s u p p l y  i n a d v e r t e n t 1 . y  f a i l e d  l e a v i n g  t h i s  c e l l  f u l l y  d i s c h a r g e d  o v e r  a 
weekend.  This may a c c o u n t   f o r   t h e   d r o p   i n   c y c l e   p e r f o r m a n c e   a f t e r  
c y c l e  200. 
2 . 5  TRW MATRICES 
Three  types of  e l e c t r o l y t e  m a t r i c e s  w e r e  m a n u f a c t u r e d  a t  T R W  f o r  t e s t -  
i n g   i n   t h e  EOS r e g e n e r a t i v e  Luel  ce1.l.   Table X I T .  i s  a surnmary o f  t h e  
c e l l  tes ts  us ing  r h e s e  m a t r i c e s .  'The mat r ices   were  a l l  0 . 0 6 0   i n .   t h i c k .  
A 0 .050- in .   space r  was used i n  all t he  t es t s  to   ensu re  that  the   edges  
were p r o p e r l y   s e a l e d .  The t e s t  c e l l s   c o n t a i n e d   s t a n d a r d  EOS H e l e c -  
t rodes  and  Cyanamid 0 e l e c  t r o d e s  . 
2 
2 
2 .5 .1  CeO MATRICES 
The mat r ices  were  fabr ica ted  f ro-  cer ium oxide  he ld  toge ther  wi th  a 
T e f l o n   b i n d e r ,  T a b l e  X L I  shows t h a t  tllis t y p e  of m a t r i x  i s  u n s u i t a b l e  
f o r  t h e  r e g e n e r a t i v e  f u e l  c e l l  s i n c e  t h e  g a s e s  r e c o m b i n e  r e a d i l y  t h r o u g h  
t h e  matrix at: 80 C .  One c y c l e  w a s  ach ieved  a t  25  C .  0 0 
2 . 5 . 2  Z r O  YATRICES 
The m a t r i c e s  were f a b r i c a t e d  from z i r c o n i a  h e l d  t o g e t h e r  w i t h  a Tef lon  
b inde r .   Tab le  X I 1  shows t h a t   t h i s   t y p e  o f  m a t r i x  i s  a l s o   u n s u i t a b l e  
f o r  t h e  r e g e n e r a t i v e  f u e l  c e l l  s ince   t he   gases   r ead i ly   r ecombine   t h rough  
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Figure 31. Cycle  Performance of Cell No. 80-A 
TABLE XI1 



















TRW  CeO 
No. 167 
TRW  CeO 
No. 1 6 5  













































o f  30.4% 
40.5 g 



























One cycle at 25'. S e l f  
discharged  at 8OoC; 
0.050 in. spacer 
Recombination of gases 
through matrix; 0.050 in. 
spacer 
Recombination of  gases 
through matrix; 0.050 in. 
spacer 
Recombination o f  gases 
through matrix; 0.050 in. 
spacer 
Recombination of gases 
through matrix; 0.050 in. 
s pac  er 
Recombination of gases 
at 25OC; 0.050 in. spacer 
Recombination of gases 
at 80°C; 0.050 in. spacer 
Recombination of gases 





































TRW  KT 
Nos. 74, 
1 5 ,  and 





























ly  te 
34.0 g 























F ina 1 Comen t s 
Recombination of gases 
at  8OoC; 0.050 in. 
spacer 
Recombination of gases 
at 8OoC; 0.050 in. 
spacer 
2  cycles a&  2S°C6 Gases 
recombined at 80 C; 
0.050 in. spacer 
Gases recombined through 
matrix;  0.050 in. spacer 
Gases recombined through 
matrix; 0.050 in. spacer 
Gases recombined through 






Gases recombined through 
matrix;  0.050 in. spacer 
* 
* 
Self  Discharge 
2.5.3 KT MATRICES 
The matrices were f a b r i c a t e d  f r o m  p o t a s s i u m  t i t a n a t e  a n d  a T e f l o n  
b i n d e r .  T a b l e  XI1 shows t h a t  two c y c l e s  were achieved  a t  25 C,  none 
a t  8OoC w i t h  c e l l  No. 4 0 .  Three T R W  p o t a s s i u m  t i t a n a t e  matrices were 
p r e s s e d  a t  740 p s i g .  The f i n a l  t h i c k n e s s  of each matrix was approxi -  
m a t e l y  0.002 in .  The  weight  of t h e  t h r e e  matrices s t a c k e d  t o g e t h e r  
was 20.5 g .  The matrices were w e t  down w i t h  42  g of 30.4% KOH and 
p u t  in c e l l  64-A.  The s t a n d a r d  EOSICyanamid e l e c t r o d e s   a n d   a n  0.050- 
i n .  s p a c e r  were used.  The c e l l  w a s  t e s t e d  a t  80 C .  F i g u r e  32 shows 
t h a t  o n  c h a r g e  t h e  v o l t a g e  r o s e  a b o u t  2.0V,  and on discharge a c u r r e n t  
g r e a t e r   t h a n  10A cou ld   no t   be   sus t a ined .   Because  of  t h e  l imits o f   t h e  
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Figure 32. Charge/Discharge  Characteristics of Cell No. 63-A 
SECTION 3 
DISCUSSION OF RESULTS 
The three types  of e l e c t r o l y t e  m a t r i c e s  s c r e e n e d  i n  the  ma t r ix  compar i -  
son tests were as fo l lows :  
a .  Pressed   composi te  matrix 
b .   Layered   pas ted  membrane matrix 
c .  Rol led   po tass ium t i t ana te  and   Tef lon  matrices 
O n l y  t h e  f i r s t  two types  o f  ma t r i ces  were s u c c e s s f u l l y  u s e d  i n  a f u e l  
c e l l .  The T e f l o n   i n   t h e   r o l l e d   t y p e   o f   m a t r i x   p r o b a b l y  f lows  r e a d i l y  
as t h e  p r e s s u r e  i n c r e a s e s  d u r i n g  c h a r g e  when the  t e m p e r a t u r e  i s  up t o  
8OoC. 
The r e s u l t s  f rom  the  bubble- through tes t s ,  Table  111, showed t h e   l a y e r e d  
matrix c o u l d   h o l d   h i g h e r   p r e s s u r e   d i f f e r e n t i a l s .  The c y c l i n g  tes ts  
p r o v e d   t h e   p r e s s e d   t y p e   o f   m a t r i x   t o   b e   s u p e r i o r .  Most of   the   p ressed  
compos i t e   ma t r ix  ce l l s  r a n   o v e r  1000 c y c l e s .  None o f  t he   l aye red   t ype  
reached   1000  cyc les .   Fur thermore ,  as  can   be   seen   in   Table  I ,  some of  
t h e  l a y e r e d  t y p e  o f  matrix ce l l s  f a i l e d  from  gas   leakage  through  the 
m a t r i x .  The p res sed   t ype   o f   ma t r ix  i s  s i m p l e r   t o   f a b r i c a t e ;   b e c a u s e   o f  
t h i s ,  a more uniform product  can be expected. '  A component i n  t h e  l a y e r e d  
matrix i s  a hand-pasted membrane  which  could  vary  considerably.  The 
mats, another  component ,  are made f rom p res sed  po ta s s ium t i t ana te  and  
Tef lon ,   and  are t h i n .  The   absence   o f   asbes tos   makes   the   mats   f rag i le ,  
and  they  could  be damaged whi l e   hand l ing .  The pressed   composi te  matrix 
a p p e a r s  t o  b e  s u p e r i o r  to t h e  o t h e r  t y p e s  t e s t e d  f o r  u s e  i n  tne regen-  
erative f u e l  c e l l .  
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The material s t u d i e s  tests r e v e a l e d  t h a t  c h a n g e s  were t a k i n g  p l a c e  i n  
t h e  m a t r i x ,  a n d  t h a t  metals a n d  o t h e r  material were moving through the 
matrix. The p o l y s u l f o n e   b a c k u p   p l a t e  ce l l s  d i d  n o t  reveal much, o t h e r  
t h a n  t o  v e r i f y  t h e  r e s u l t s  o b t a i n e d  b y  c y c l i n g  f u e l  c e l l s  w i t h o u t  g o l d -  
p l a t ed   backup   p l a t e s   and   s c reens .  The r e s u l t s  i n d i c a t e  t h a t  t h e  c y c l e  
l i f e  i s  s h o r t e n e d  when t h e  g o l d  p l a t i n g  i s  not   p resent .   Another   ob-  
s e r v a t i o n  made was t h a t   g o l d   c a n   b e   t r a n s f e r r e d   f r o m   t h e  0 s i d e  t o  
t h e  H s i d e  w h i l e  c y c l i n g  t h e  f u e l  c e l l .  
2 
2 
The c y c l e  t es t s  u s i n g  Pd O2 e l e c t r o d e s  r e v e a l e d  t h a t  t h e  c a t a l y s t  f o u n d  
i n   t h e   m a t r i x  comes only  f rom  the 0 e l e c t r o d e .  The P t  a n a l y s i s  tests 2 
demons t r a t ed   t ha t  25% o f   t h e  P t  from  the 0 e l e c t r o d e   c a n   b e   d e p o s i t e d  
i n   t h e   m a t r i x  . 
2 
The m o s t  r e v e a l i n g  m a t e r i a l s  t es t s  were t h e  X - r a y  d i f f r a c t i o n  ser ies .  
T h r e e  d i s t i n c t  phenomena a r e  s e e n  t o  b e  o c c u r r i n g  w i t h i n  t h e  e l e c t r o l y t e  
m a t r i x :  
a .  A l aye r   where   mig ra t ing   go ld   and   p l a t inum  concen t r a t e  i s  
formed 
b .  T e f l o n   a n d   a s b e s t o s   c o n c e n t r a t e  on t h e  0 s i d e   o f   t h e   m a t r i x  
c .  C r y s t a l l o g r a p h i c a l l y ,   t h e r e   a r e   p h a s e   c h a n g e s   i n   t h e   p o t a s s i u m  
2 
t i t a n a t e .  
The  mechanism f o r  t h e  m i g r a t i o n  o f  the  p la t inum and gold  i s  no t  unde r -  
s t o o d  a t  t h e  p r e s e n t  t ime. '  One suggested  mechanism i s  t h a t  c o n c e n t r a -  
t i o n  g r a d i e n t s  c r e a t e d  i n  t h e  KOH du r ing  cha rge  and  d i scha rge  o f  t he  
f u e l  c e l l  a l l o w s  p t  i n  s o l u t i o n  t o  p r e c i p i t a t e  o u t  i n  o n e  a r e a  o f  
the  matr ix .   Another   suggested  mechanism i s  t h a t  a dende r i t e   g rowth  
from  the H e l e c t r o d e  may b e  p a r t i a l l y   d i s s o l v e d .   F u t u r e   i n v e s t i g a t i o n  
s h o u l d  b e  d o n e  t o  d e t e r m i n e  t h e  s o l u b i l i t y  o f  P t  i n  KOH,and t o  f i n d  t h e  
e x t e n t  o f  t h e  P t  l o s s  f r o m  t h e  e l e c t r o d e s .  
2 
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A s  h a s  b e e n  d i s c u s s e d  i n  t h e  materials t e s t i n g  s e c t i o n ,  t h e  X - r a y  
d i f f r a c t i o n  tests i n d i c a t e  t h a t  as c y c l e  l i f e  i n c r e a s e s ,  b o t h  t h e  T e f l o n  
a n d  a s b e s t o s  become  more c o n c e n t r a t e d  a t  t h e  0 s i d e  o f  t h e  m a t r i x .  
E i t h e r  t h e  T e f l o n  a n d  a s b e s t o s  a r e  m i g r a t i n g  t o w a r d  t h e  0 s i d e  o r  t h e  
p o t a s s i u m   t i t a n a t e  is  moving  toward  the H s i d e .  The  mechanism  of t h i s  
phenomenon i s  n o t   a p p a r e n t .   F u t u r e   i n v e s t i g a t i o n   s h o u l d   l o o k   i n t o  
t h e   s o l u b i l i t y   o f   t h e   m a t r i x   c o m p o n e n t s .  Tests cou ld   be   dev i sed   i n  
wh ich  Te f lon  and  a sbes tos  cou ld  be  in t roduced  a t  o n e  s i d e  of a c e l l  
c o n t a i n i n g  e l e c t r o l y t e  o r  KT a n d  e l e c t r o l y t e ,  a n d  a n  e l e c t r i c  c u r r e n t  
c o u l d   b e   i n t r o d u c e d   t o  see i f  t h e  material m i g r a t e s .  The same t e s t  
c o u l d  b e  r u n  i n t r o d u c i n g  p o t a s s i u m  t i t a n a t e  a t  o n e  s i d e  of a c e l l  w i t h  
ROH e l e c t r o l y t e .  I t  has   been   sugges ted  t h a t  t he   u se   o f  membrane b a r r i e r s  
might  change or  s low down t h e  m i g r a t i o n  o f  T e f l o n  a n d  a s b e s t o s  o r  p o t a s -  




The   X- ray   d i f f r ac t ion  tests i n d i c a t e  t h a t ,  b y  adding  KOH,  c r y s t a l l o -  
g r a p h i c   p h a s e   c h a n g e s   o c c u r   i n   t h e   p o t a s s i u m   t i t a n a t e .   F u r t h e r   c h a n g e s  
may be   caused  by t h e  e l e c t r i c a l  c y c l i n g  o f  t h e  c e l l .  I t  was shown t h a t  
the  change  caused  by adding  KOH is  r e v e r s i b l e  by washing  out  the  KOH. 
This  tes t  w a s  performed on sample AX-5 which was "as  received" potassium 
t i t a n a t e   s o a k e d   i n  KOH f o r  5 days a t  80 C .  T h i s  r e s u l t   i n d i c a t e d   t h a t  
i t  may n o t  b e  p o s s i b l e  t o  c r y s t a l l o g r a p h i c a l l y  s t a b i l i z e  t h e  p o t a s s i u m  
t i t a n a t e  m e r e l y  by soaking  i t  i n  KOH. However, i n v e s t i g a t i o n s   s h o u l d  
be   conducted   to   de te rmine  i f  t h e  p o t a s s i u m  t i t a n a t e  c o u l d  b e  e l e c t r i c a l l y  
s t a b i l i z e d  i n t o  a n  i r r e v e r s i b l e  c r y s t a l l o g r a p h i c  p h a s e .  
0 
Throughout   the c e l l  t e s t i n g   p h a s e  o f  the  program, random f a i l u r e s   o c c u r r e d  
t h a t  c o u l d  b e  a t t r i b u t e d  t o  m e c h a n i c a l  d i f f i c u l t i e s  w i t h  t h e  t es t  c e l l  
and   cyc l i c   equ ipmen t .  The tes t  c e l l  had many sea l   a r eas   and   i n s t rumen ta -  
t i o n   f i t t i n g s   w h i c h   d e v e l o p e d   g a s   l e a k s   o c c a s i o n a l l y .  An e x t e r n a l   g a s  
l e a k  o f  o n e  o f  t h e  g a s e s  r e s u l t s  i n  a bui ldup of  a d i f f e r e n t i a l  p r e s s u r e  
a n d  t h e  u l t t m a t e  c e l l  f a i l u r e .  Test  equ ipmen t   f a i lu re s  were a l so  en-  
countered  which  would  cause  the  over  charge  or  over  d i scharge  o f  a c e l l  
, . . . . . . -. ". . . . 
and damage t h e  c e l l .  C o n s i d e r a b l e  d i f f i c u l t i e s  were encoun te red   w i th  
d i f f e r e n t i a l   t r a n s d u c e r   f a i l u r e s .  I t  i s  t h e r e f o r e   n e c e s s a r y  t o  d i s -  
c o u n t  t h e s e  t y p e s  o f  f a i l u r e s  t o  draw  meaningful   conclusions  f rom  the 
test d a t a .  
The l i f e  c y c l e  tests r e v e a l e d   t h a t ,   u s i n g   t h e  90-min c y c l e   r e g i m e ,  
c y c l e  l i f e  i s  dec reased  when the   t empera ture  i s  lowered   to  50 C .  The 
one test conducted a t  60 C i n d i c a t e d  t h a t  t h e r e  may b e  an  improvement 
i n  c y c l e   l i f e   w i t h   i n c r e a s e d   t e m p e r a t u r e .   F u r t h e r   i n v e s t i g a t i o n  of  
t h i s  e f f e c t  o f  t e m p e r a t u r e  s h o u l d  b e  c a r r i e d  o u t .  
0 
0 
The capac i ty   r equ i r emen t s   fo r   t he   24 -h r  t e s t  reg ime  were   too   severe  
f o r   c e l l s   o f   t h e   c u r r e n t   c o c f i g v r a t i o n .  Tests us ing  a 12 t o  13A-hr 
c e l l  c a p a c i t y   i n s t e a d  of  17.3A-hr were i n c o n c l u s i v e .  One 3 . 5 - h r   c y c l e  
was r u n  a t  50 C and   demonst ra ted   shor t   cyc le  l i f e .  T h i s  r e s u l t  i s  i n  
l i n e  w i t h  t h e  o t h e r  SO C t es t s .  
0 
0 
The r e r u n  o f  t h e  90-min cyc le  r eg ime  a t  80 C was inconc lus ive  because  
o f   t r ansduce r   and   equ ipmen t   f a i lu re s .  
0 
The TRW matrices p roved  to  be  unsu i t ab le  f o r  u s e  i n  [ .he r e g e n e r a t i v e  
f u e l  c e l l  s ince   t he   gases   r ead i ly   r ecombine   t h rough  tlle ma t r ix .  A t e s t  
was r u n  u s i n g  t h r e e  m a t r i c e s  p r e s s e d  t o g e t h e r  t o  p r o v i d e  a denser  




T h e  b e s t  e l e c t r o l y t e  m a t r i x  for ..IS.(> in r e g e n u - a t i v e  iktel ce l l s  i s  a 
compos i t e  o f  80X potassium  : i .Lannte,  10;: ' I 'eflon, a n d  IO';:, a s b e s t o s .  
X - r a y  d i f f r a c t i o n  s t u d i e s  e f  t!iis ! 1 i ~ - l ~ . ~ i , ~ ~  : ~ : t c ~ r i ~ ~ l  , a f r e r  e x t e n s i v e  
c y c l i n g  o f  t h e  f u e l  c e l l ,  i n d i c , l t e  tli,;t ~ l l e  ; l sbes tos  ;!nl.i "l'eElon tend 
to  migra te  toward  the  oxygen e l e c  trc;,le, t h i s  pheno:ner?on i s  more  pro- 
n o u n c e d   w i t h   i n c r e a s i n g   c y c l e   l i f e .  ?!IC X - r ~ v  d i :  f r a c t i ~ n  s t u d i e s  
a l s o  i n d i c a t e  t h a t  c r y s t a l l o g r a p h i c  : ~ k , . ~ i - l ~ c ~ ~  t a k c  p l a c e  wi , t t r i n  t h e  
p o t a s s i u m   t i t a n a t e ,  and t h a t  t ! ~ l c .  cha:! E i::r : !~Jc :  :<> SOIW. fnctic.!n O F  
t h e  KOH e l e c t r o l y t e .  
T h e  m a t r i x  m a t e r i a l s  s u p p l i e d  h!! TKW, i:->i l u d i n g  prJtassit! l ; !  t i t a n a t e ,  
cer ium  oxide ,   and   z i rconium  o- t ide ,  c a s b  I . : - T ~ T I ~  Tef lon  a s  i i  h i n d e r ,  were 
a l l  f o u n d  t o  b e  u n s u i t a b l e  fo r  regener ; , t i . \  i- fl;el c . e l 1  d ; . ; ) l i ca t ion .  
A l l  of  t h e  TRW m a t r i c e s  sllowcC.: combinat ior  o f  the! r e a r r a n t  g a s e s  
t h r o u g h  t h e  m a t r i x .  
T h e  p l a t i n u m  c a t a l y s t  on t h e  oxygen e l e c t r c d e  tt.;:ds t o  m i c r a t e  i n t o  
t h e  e l e c t r o l y t e  m a t r i x ,  w i t h  2 s   m u s h  a s  55; oI t h e  o r i r i n a l  p l a t i n l l m  
c o n t e n t   o f   t h e   e l e c t r o d e   b e i n g   l o s t  L n t o  t h e  x3t1-i.x. ,rt-,is m ~ y  be one 
o f  t h e  m a j o r  c a u s e s  o f  deg rada t ion  of performance with exLended cycle 
l i f e  o f  r e g e n e r a b l e  f u e l  c e l l s .  No loss  o f  p l a t i n u m   c s t a l y s t   f r o m   t h e  
h y d r o g e n  e l e c t r o d e  was observed.  
Go ld ,  f rom the  go ld  p l a t ing ,  o f  t he  sc reens  on which p l a t i c t m  i s  de- 
p o s i t e d  i n  t h e  m a n u f a c t u r e  o f  t h e  o x y g e n  e l e c t r o d e s ,  tenci:; t o  m i g r a t e  
i n t o  t h e  matrix.  I n  some i n s t a n c e s ,  t h i s  g o l d  has  been  found  deposited 
on   the   hydrogen   s ide   backup  sc reens .  Tests r u n  w i t h o u t   g o l d   p l a t i n g  
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o f  t h e  c o m p o n e n t s  h a s  d e m o n s t r a t e d  t h a t  c y c l e  l i f e  i s  reduced when 
t h e  g o l d  i s  n o t  p r e s e n t .  
I n  ce l l s  t h a t  were s u b j e c t e d  t o  t h e  m o s t  e x t e n s i v e  c y c l i c  o p e r a t i o n ,  
c o r r o s i o n  of the  backup screens  and  p la tes  was  observed .  
T h e  c o n c e n t r a t i o n  o f  t h e  KOH e l e c t r o l y t e  was shown t o  d e c r e a s e  a s  
t h e  c y c l e  l i f e  o f  c e l l s  i n c r e a s e d .  
F o r  t h e  e l e c t r o d e  and  matrix  combination  found t o  b e  b e s t  f o r  t h e  
r e g e n e r a t i v e  f u e l  c e l l s ,  o p e r a t i o n  a t  80 C e x h i b i t e d  c o n s i d e r a b l y  




T h i s  addendum c o n s i s t s  of t h e  o b s e r v a t i o n s  f r o m  t h e  e x t e n d e d  l i f e  t es t s  
on Cells Nos. 73A th rough 8 0 A .  These c e l l s  w e r e  s t i l l  under t e s t  a t  
t h e  time the Fina.1 Report  was i n i t i a l l y  s u b m i t t e d .  
Subsec t ion  2.4.7 o f  t h e  F i n a l  R e p o r t  c o v e r s  t h e  w o r k  on t h e s e  c e l l s  up 
t o   t h e   t i m e   t h e   R e p o r t  was prepared .   That   da ta  i s  summarized i n  
Table  X I .  
Table  X I - A  o f  t h i s  addendum  summarizes  the t e s t  r e s u l t s  o f  the  extended 
work .   P la t inum  and   go ld   ana lyses   were   per forned   on   se lec ted   mat r ices  
from t h i s  s e r i e s  o f  t e s t s .  The d a t a   a n d   d i s c u s s i o n   o f   t h e   r e s u l t s   a r e  
inc luded  . 
8 7  
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TABLE XI-A 
SUMMARY OF EXTENDED LIFE TESTS 





Impedance a t  
same  (OC) a s  Electro- 
l y t e  
I n i t i a l  
Fina 1 
KOH 




8 0  
Type of  
Cycle 
np . I '  
Fina 1 
"Test Y 
I n i t i a l  
Cell 
No. 
7 3 - A  
Electrodes Comments Matrix 
Removed from t e s t  




7 58 60130 rnin 
101 17 .5A 
EOS/Cyanamid 
AB-6 
4 5  g of  
29.8% 
KOH 
2 6 . 1  0 . 0 0 4 ~ 1  
7 5-A ( 4 4 4 )  
6 3 3  
60130 min 
101 17 .5A 
EOS/Cyanamid 
AB-6 
4 5  g o f  
29.8X 
KOH 
21.0 Removed from t e s t  
because of fau l ty  
transducer after 
444 cycles.  Put 
back on t e s t .  Re- 
moved from t e s t  a t  
633 cycles, per- 
formance degradation 
0.006C 
0 . 0 0 7 R  
0 . 0 0 3 3  
80 









4 5  g of 
29.8% 
K OH 
23.1 0 . 0 1 2 ~  Removed  €rom t e s t  
because of faulty 
transducer after 321 
cycles. Put back on 
t e s t .  Removed a f t e r  
489 cycles, voltage 
below 0 . 7 0  vo l t s .  
7 8 - A  Pressed 
composite 
( 4 9 2 )  
67 2 
60130 rnin 
l o /  17 .5A 
EOS/Cyanamid 
AB-6 
4 5  g o f  
29.87" 
K OH 
1 9 . 4  Pressure transducer 
fa i led .  Removed from 
t e s t  a t  6 7 2  cycles 
when voltage dropped 
t o  below 0 . 7 0  vo l t s .  




















TABLE X I - A  
SUMMARY OF EXTENDED LIFE TESTS (contd) 
(Continuation of  Table XI) 
q Electrodes Electro- l y  t e  I n i  t i a  1 
45 g o f  
29.8% 
KOH 
45 g o f  
2 9 .  
KOH 
Impedance a t  
Final same ( C) a s  
KOH "Test Temp." 
(%) I n i t i a l   F i n a l  
0 
20.2 0.0050 0.015[2 
21.5 0 . 0 0 3 ~  
1 
Comments 
Cell reverse charged 
a t  375 cycles, 
f a i l ed  c i r cu i t  
breaker l e f t  c e l l  
on discharge over 
weekend. After 15 
additional cycles,  
discharge below 
0.70 vol ts .  
Cell reverse charged 
a t  200 cycles, 
f a i l ed  c i r cu i t  
breaker l e f t  c e l l  
on discharge over 
weekend. After 118 
additional cycles,  
below 0.70 vol t s .  
CELL 73-A 
A s  h a s  b e e n  r e p o r t e d  t h i s  c e l l  o p e r a t e d  a t o t a l  o f  758 c y c l e s ,  b e i n g  
removed  from t e s t  because  o f  a f a u l t y  d i f f e r e n t i a l  t r a n s d u c e r  w h i c h  
c a u s e d  o v e r p r e s s u r i z a t i o n  o f  t h e  c e l l .  
The c e l l  was d i sa s sembled  and  the  fo l lowing  obse rva t ions  no ted :  
s i d e ;   o x i d a t i o n  o f  t h e   s c r e e n s ,   p l a t e ,  and e l e c t r o d e   w e r e   o b s e r v e d  
a long  wi th  the  r emova l  o f  approximate ly  85  percent  o f  t h e  g o l d  p l a t i n g :  
H s i d e ;  no a p p a r e n t   d e g r a d a t i o n :   M a t r i x :  0 s i d e  was y e l l o w   i n   c o l o r  
w i th  g ray  spo t s  a round  the  ou te r  edge  and  a few d a r k  y e l l o w  s p o t s  n e a r  
t h e   c e n t e r .  H s i d e  was dark   g ray  a l l  o v e r   i n  a u n i f o r m   p a t t e r n .  Cente: 
was t y p i c a l l y  d a r k  g r a y  i n  t h e  i m m e d i a t e  c e n t e r ,  l i g h t e n i n g  o u t  a s  i t  






A f t e r  444 c y c l e s  t h e  c e l l  was removed  from t e s t  t o  r e p l a c e  a f a u l t y  
t r a n s d u c e r .   A f t e r   t h e   t r a n s d u c e r  was r e p l a c e d ,   t h e   c e l l   r a n   a n   a d d i -  
t i o n a l  189 c y c l e s   g i v i n g  a t o t a l  number o f  633 c y c l e s .  The las t  c y c l e  
wou ld  no t  d i scha rge  a t  h ighe r  t han  0 .50V a t  17 .5  amps. 
When t h e  c e l l  was d isassembled  the  mat r ix  appeared  to  be  ex t remely  wet .  
The 0 s i d e   o f   t h e   c e l l :   t h e   b a c k u p   p l a t e  and s c r e e n s  s t i l l  had some 
gold  l e f t  and were covered with a b l u e - w h i t e  m a t e r i a l  t h a t  l o o k e d  l i k e  
a t e f l o n   c o a t i n g .  H s ide :   t he   backup   l a t e   and   s c reens   were   c l ean  
w i t h  no a p p a r e n t  s i g n s  o f  Au r e m o v a l ;  t h e  e l e c t r o d e ,  s c r e e n ,  a n d  p l a t e  
were t o t a l l y  s o a k e d  w i t h  e l e c t r o l y t e .  The ma t r ix  was we t   on   t he   su r f ace  
a n d  b r i t t l e ,  showing l i t t l e  o r  no KOH i n  t h e  c e n t e r .  The c e n t e r  o f  t h e  





A f t e r  3 2 1  c y c l e s  t h e  c e l l  was t a k e n  o f f  t h e  t e s t  because  of  a f a u l t y  
p r e s s u r e   t r a n s d u c e r .  The t r a n s d u c e r  was rep laced   and  the c e l l  r a n  an 
a d d i t i o n a l  168 c y c l e s  w i t h  a n  a v e r a g e  d i s c h a r g e  v o l t a g e  o f  0.74V.  The 
t o t a l  number o f  c o m p l e t e d  c y c l e s  was 489. The c e l l  was t a k e n  o f f  t e s t  
when t h e  d i s c h a r g e  v o l t a g e  f e l l  b e l o w  0 . 7 0 V .  
The c e l l  was d i sa s sembled  and  the  fo l lowing  obse rva t ions  were made: 
O2 s i d e :  the p l a t e  l o s t  a n  e s t i m a t e d  50 pe rcen t   o f   t he  Au c o a t i n g ,  
w i th  one  spo t  be ing  ex t r eme ly  ox id ized  d i r ec t ly  ac ross  f rom the  backup  
p la te   sc rew.   The  H 2  s i d e  was c l e a n .  The ma t r ix  was t y p i c a l   i n   a p p e a r -  
a n c e   w i t h   t h e   u s u a l   g r a y i s h   c o l o r  on tlle H s i d e  and d a r k  c e n t r a l  l a y e r .  2 
CELL 7 8 - A  
The c e l l  o p e r a t e d  f o r  a n  a d d i t i o n a l  LSO c y c l e s  w i t h  a f a u l t y ,  o r  t o t a l l y  
nonfunc t iona l   p re s su re   t r ansduce r  until the   t lLschargc  vol tage f e l l  below 
0.70V; t o t a l   c y c l e s  6 7 2 .  
The c e l l  was then   d i sassembled  a n d  tlle fo l lowing   obse rva t ions   no ted ;  
0 s ide :   the   backup  p lace   and   sc reens  had Au p l a t i n g   i n   t h e   c e n t e r  
wi th   an   ox id ized   band   1 .5   inches   wide  o n  the   pe r iphe ry .   B lack   ma te r i a l  
(probably  E . P . )  was i n  a band 011 tile ou ter   edges  o f  t h e   p l a t e  H s i d e ;  
p l a t e  and  backup  screen  had no apparent   change .  T h e  m a t r i x  was   g ray   in  
s u r f a c e  c o l o r i n g  w i t h  t h e  t y p i c a l  m i d d l e  l a y e r .  
2 
2 
CELL 7 9  
A t  3 7 5  c y c l e s  t h e  c e l l  was t a k e n  o f f  t e s t  d u e  t o  a blown c i r c u i t  b r e a k e r  
w h i c h  l e f t  t h e  c e l l  on   d i scharge   over  a weekend. Af t e r  t h e   a p p r o p r i a t e  
changes i n  t h e  c i r c u i t  were made,  the c e l l  t e s t  w a s  con t inued  fo r  an  
a d d i t i o n a l  1 5  c y c l e s ,  b u t  t h e  c e l l  was damaged  by t h e  e x t e n s i v e  d i s c h a r g e  
and t h e   a v e r a g e   v o l t a g e  f e l l  be low  0 .7V.   Tota l   cyc les   amounted   to  390. 
9 1  
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Upon d i s a s s e m b l i n g  t h e  c e l l  t h e  f o l l o w i n g  o b s e r v a t i o n s  were made: 
O2 s i d e :  a b l a c k   s o o t - l i k e   m a t e r i a l   c o v e r e d   t h e   e d g e s  of t h e  p l a t e  
abou t  1 i n c h  i n  wid th .  The soot  washed away wi th  water. An estimated 
90 p e r c e n t  o f  the  go ld  w a s  gone ,  leav ing  a Zn- l ike  appea rance  to  the  
s u r f a c e  of t h e   p l a t e .  H s ide :   t he   backup   p l a t e   and   s c reens   were  i n  
good shape.  The m a t r i x :   t h e  O2 s i d e  of t h e   m a t r i x  was b r o w n i s h   i n  
c o l o r  w i t h  a 2 i nch  wh i t e  spo t  l oca t ed  one - th i rd  o f  t he  way a c r o s s  t h e  
matrix and   oppos i te   the   backup  p la te   sc rew.  A brown s p o t  was d i r e c t l y  
over   the   sc rew.  H s i d e :   t h e   m a t r i x  was l i g h t   g r a y   i n   c o l o r   w i t h  a 
g r e e n i s h   s p o t   d i r e c t l y   o v e r   t h e   b a c k u p   p l a t e   s c r e w .  The t y p i c a l   d a r k  




Cell  80-A was t h e   l a s t   o f   t h e   l i f e   t e s t   s e r i e s .  I t  c o n t a i n e d   t h e   s t a n -  
dard  EOS and Cyanamid AB-6  e l e c t r o d e s .  The ma t r ix  was f a b r i c a t e d  from 
t h e   o r d i n a r y  DuPont p o t a s s i u m   t i t a n a t e .  The composite was 80 p e r c e n t  
KT, 10 p e r c e n t   t e f l o n  and 10 p e r c e n t   a s b e s t o s .  I t  weighed 2 8 . 1  gms. 
and  contained 45.0 grns o f  29 .8  pe rcen t  KOH.  The spacer  was 0.060 inch  
t h i c k .  A s  Fig .  33 shows ,   t he   ce l l   r an  a t o t a l  o f  318 cyc les   and   the  
t e s t  was d i scon t inued  when cel l  per€ormance dropped below 0.7v on d i s -  
cha rge .  The performance  drop was  due to   equ ipmen t   f a i lu re s   wh ich   a l lowed  
t h e   c e l l   t o   d i s c h a r g e   t o   z e r o   s e v e r a l   t i m e s   o v e r  a s ingle   weekend.  I t  
a p p e a r s  t h a t  a c i r cu i t  b reake r  b l ew which  tu rned  o f f  t he  power s u p p l y ,  
d i s a b l i n g  t h e  c e l l  from  charge mode. 
The c e l l  was d isassembled   and   the   fo l lowing   observa t ions   no ted :  0 s i d e ;  
t he  sc reens ,  p l a t e  and  e l ec t rode  were  cove red  wi th  a b lack  subs tance  and  
green   powder ;   the   go ld   p la t ing  was s t i l l  v i s i b l e   w i t h   a b o u t  50 pe rcen t  
having  been removed  from t h e   p l a t e .  H s i d e :  no apparent   change,   looks 
l i k e  new. Matr ix :   the  O 2  s i d e  had  a   brownish  color ing  to  i t .  The H2 
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Figure 33 .  Cycle Performance of Cell No. 80-A, Contd. 
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T h e  a b o v e  r e s u l t s  a r e  i n  c o n c u r r e n c e  w i t h  t h o s e  d i s c u s s e d  i n  S e c t i o n  3 
of t h i s  r e p o r t .  
GOLD AND PLATINUM  ANALYSIS I N  FUEL CELL MATRICES 
A n a l y t i c a l  t e s t s  w e r e  r u n  o n  t h e  m a t r i c e s  f r o m  t h e  l i f e  t e s t s  t o  d e t e r -  
mine  the  amount  of  gold  and  platinum  deposited.   Table X I 1 1  i s  a tabu-  
l a t i o n  o f  t h e s e  r e s u l t s :  
TABLE X I 1 1  
GOLD AND PLATINUM ANALYSES 3F FUEL CELL MATRICES 
mg/in 
2 




6 .9  
1 .6  
5 . 1  
5 .2  
2.6 
The a n a l y t i c a l  r e s u l t s  g i v e n  i n  T a b l e  X I 1 1  a l o n g  w i t h  t h o s e  i n  Sub- 
s e c t i o n  2 . 3 . 8  show t h e r e  i s  no c o r r e l a t i o n  b e t w e e n  t h e  number o f  c e l l  
c y c l e s  and concent ra t ions   o f   go ld   and   p la t inum  wi th in   the   mat r ix .  A l l  
the  samples  for  ana lys i s  were  obta ined  f rom near  the  center  of  the  mat r ix  
t o  m i n i m i z e  l o c a l  e f f e c t s .  
By p rev ious  obse rva t ions  i t  was determined that go ld  mig ra t e s  from the  
ozygen  toward  the  hydrogen  s ide.  Gold depos i t i on   on   t he   hydrogen   s ide  
r e su l t i ng  f rom migra t ion  f rom the  oxygen  s ide  was v i s u a l l y  o b s e r v e d ,  
and i s  r e p o r t e d  i n  S u b s e c t i o n  2 . 3 . 2 .  P l a t i n u m  may a l s o  m i g r a t e  a c r o s s  
and  depos i t  on  the  hydrogen  e l ec t rode .  
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From p r e v i o u s  o b s e r v a t i o n s ,  i t  appea r s  t ha t  p l a t inum and  go ld  en te r  
the m a t r i x  f r o m  t h e  o x y g e n  s i d e  d u r i n g  t h e  c e l l  c y c l e s .  The X-ray 
d i f f r a c t i o n  tes ts  c o n d u c t e d  d u r i n g  t h i s  p r o g r a m  i n d i c a t e  t h a t  t h e  g o l d  
and   p la t inum are d e p o s i t e d  i n  t h e  m a t r i x  i n  t h e  m e t a l l i c  s t a t e .  The 
mechanisms tha t  might  occur  could  be  the  fo l lowing:  
a .  Di s so lved  metal i o n s   e n t e r   t h e   m a t r i x   o n   t h e   o x y g e n   s i d e   a n d  
r e d u c e   t o   t h e   m e t a l l i c   s t a t e .  The reduced metals r e d i s s o l v e  
i n  t h e  e l e c t r o l y t e  a n d  d e p o s i t  o n  t h e  h y d r o g e n  e l e c t r o d e ,  
b a c k u p  p l a t e ,  o r  s c r e e n s .  
b .  A t  t h e  same t ime ,   ano the r   mechan i sm  cou ld   be   occu r r ing   t ha t  
a l l o w s  some o f  t h e  d i s s o l v e d  m e t a l  i o n s  t o  m i g r a t e  from t h e  
O2 s i d e  t h r o u g h  t h e  m a t r i x  a n d  d e p o s i t  d i r e c t l y  o n  t h e  
h y d r o g e n  e l e c t r o d e ,  b a c k u p  p l a t e ,  o r  s c r e e n s .  
c .   P r e c i p i t a t i o n   o f   t h e   m e t a l   s a l t s   c o u l d   b e   c a u s e d  by t r a n s i e n t  
KOH c o n c e n t r a t i o n s   i n   t h e   m a t r i x .  The c h a n g e   i n   c o n c e n t r a t i o n  
would depend upon the rate water i s  d i sa s soc ia t ed  and  formed 
dur ing  charge  and  d ischarge ,  as w e l l  as t h e  r a t e  o f  m e c h a n i c a l  
t r a n s p o r t   i n   t h e   m a t r i x .   R e d u c t i o n   o f   t h e  s a l t s  could  be 
caused  by  hydrogen  gas  en ter ing  the  mat r ix ,  the  cyc l ic  revers -  
i n g  o f  t h e  e l e c t r o c h e m i c a l  p o t e n t i a l ,  o r  a combinat ion of  bo th .  
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